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(54) CONTROL METHOD AND CONTROLLER OF SYNCHRONOUS MOTOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize reduction in size 
and maximum efficiency of a synchronous motor by utilizing 
the voltage and current to the maximum while preventing 
occurrence of trip. 
/SOLUTION: The controller for a synchronous motor 
'^^^ comprises a position/ speed detecting section 4 outputting 
the rotational position and rotational speed of the rotor of a 
synchronous motor 3 based on the motor current and motor 
voltage, a speed control section 5 performing speed control 
by receiving a speed from the position/speed detecting 
section 4 and an external speed command as inputs and 
outputting a current command, a phase control section 6 
receiving a current command and an external phase 
command as inputs and outputting a current amplitude 
command, a current control section 7 receiving a current 
amplitude command, a motor current and a rotational 
position as inputs and outputting a voltage command being 
fed to an inverter 2, a maximum phase table 8 receiving a 
speed from the position/speed detecting section 4 and a voltage command as inputs and 
outputting a corresponding maximum current phase, and a phase limit section 9 for limiting 
the phase command to be fed to the phase control section 6 based on the maximum current 
phase. 
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[Claim(s)] 

[Claim 1] The synchronous motor control approach characterized by setting the upper limit of a current 
phase as the phase which makes motor torque max in the inverter output voltage at that time, or its near for 
every instant in the synchronous motor control approach which controls a synchronous motor (3) by 
supplying the output voltage of an inverter (2) to a synchronous motor (3). 

[Claim 2] The synchronous motor control approach characterized by setting the upper limit of a current 
phase as the phase which makes motor torque max in an inverter maximum output electrical potential 
difference, or its near for every engine speed in the synchronous motor control approach which controls a 
synchronous motor (3) by supplying the output voltage of an inverter (2) to a synchronous motor (3). 
[Claim 3] The synchronous motor control approach according to claim 1 or 2 of answering a rotational 
frequency at least and changing the upper limit of a current phase. 

[Claim 4] The synchronous motor control approach characterized by setting the upper limit of a current 
phase as the phase which makes motor torque max in the inverter maximum output electrical potential 
difference at the time of the maximum high-speed rotation, or its near in the synchronous motor control 
approach which controls a synchronous motor (3) by supplying the output voltage of an inverter (2) to a 
synchronous motor (3). 

[Claim 5] The synchronous motor control approach characterized by at least the maximum phase to which 
the inverter output current will be restricted for every business torque, and min setting the limiting value of a 
current phase as phases or these near in the synchronous motor control approach which controls a 
synchronous motor (3) by supplying the output voltage of an inverter (2) to a synchronous motor (3). 
[Claim 6] The synchronous motor control approach characterized by choosing the smallest upper limit in the 
synchronous motor control approach which controls a synchronous motor (3) by supplying the output 
voltage of an inverter (2) to a synchronous motor (3) among the upper limits set up by claim 1, claim 2, 
claim 4, and claim 5 for every instant in the upper limit of a current phase. 

[Claim 7] The synchronous motor control approach given in any of claim 1 to claim 6 which drives a 
synchronous motor with the smallest current phase among the current phases which set the lower limit of a 
current phase as the current phases which make effectiveness or torque max, or these near, and can output 
business torque they are. 

[Claim 8] The synchronous motor control approach given in any of claim 1 to claim 7 which drives the 
compressor for air conditioners by said synchronous motor (3) they are. 

[Claim 9] Said synchronous motor (3) is the synchronous motor control approach according to claim 8 of 
being a permanent magnet motor and setting the upper limit of a current phase as 80 abbreviation [ 60 - ]. 
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[Claim 10] The synchronous-ml^r control approach characterized by tdHrewer that the output voltage of 
an inverter (2) reached threshold value with the increment in an engine speed in the synchronous motor 
control approach which controls a permanent magnet motor by supplying the output voltage of an inverter 
(2) to a permanent magnet motor, to advance a current phase, to answer having reached predetermined 
current phase threshold value or current threshold value, and to perform rate suspension control. 
[Claim 11] The synchronous-motor control approach characterized by to answer that the output voltage of 
an inverter (2) reached threshold value with the increment in an engine speed in the synchronous-motor 
control approach which controls a permanent magnet motor by supplying the output voltage of an inverter 
(2) to a permanent magnet motor, to advance a current phase, to answer having reached predetermined 
current phase threshold value or current threshold value, and to hold the internal state of a speed-control 
means in the condition in front of threshold-value attainment. 

[Claim 12] The synchronous motor control approach according to claim 10 or 1 1 of outputting a desired 
voltage waveform from an inverter (2), answering inverter output voltage approaching output voltage 
threshold value, and bringing the output voltage wave from an inverter (2) close to an output voltage wave 
with a high electrical-potential-difference utilization factor when inverter output voltage is generous to 
output voltage threshold value. 

[Claim 13] The synchronous motor control approach according to claim 12 which adopts a sine wave as a 
voltage waveform of said request. 

[Claim 14] The synchronous motor control approach according to claim 12 or 13 which adopts a square 
wave as an output voltage wave with said high electrical-potential-difference utilization factor. 
[Claim 15] The synchronous motor control approach given in any of claim 10 to claim 14 which drives a 
compressor by the permanent magnet motor they are. 

[Claim 16] The synchronous motor control approach characterized by controlling a motor current 
irrespective of whether the inverter output voltage amplitude is restricted in the synchronous motor control 
approach which controls a synchronous motor (3) by supplying the output voltage of an inverter (2) to a 
synchronous motor (3). 

[Claim 17] Control of said motor current is the synchronous motor control approach according to claim 16 
of a motor current answering few things, and making a motor terminal voltage command value increasing, 
answering there being many motor currents, and decreasing a motor terminal voltage command value. 
[Claim 18] The synchronous motor control approach according to claim 16 or 17 which controls an inverter 
(2) that reduction of the torque resulting from said voltage limiting should be compensated. 
[Claim 19] The synchronous motor control approach according to claim 18 performed by compensating 
reduction of the amplitude of the fundamental-wave component of a phase voltage command according 
compensation of reduction of said torque to voltage limiting. 

[Claim 20] The synchronous motor control approach given in any of claim 16 to claim 19 which controls a 
current phase so that it answers that the degree of the overmodulation which raises an 
electrical-potential-difference utilization factor exceeded the predetermined value and the degree of an 
overmodulation becomes a predetermined value they are. 

[Claim 21] Said synchronous motor (3) is the synchronous motor control approach given in any of claim 9 to 
claim 20 which is the permanent magnet motor which comes to embed a permanent magnet to the interior of 
a rotator they are. 

[Claim 22] The synchronous motor control approach given in any of claim 16 to claim 21 which drives a 
compressor by said synchronous motor (3) they are. 

[Claim 23] In the synchronous motor control unit which controls a synchronous motor (3) by supplying the 
output voltage of an inverter (2) to a synchronous motor (3) The synchronous motor control unit 
characterized by including (the inverter control means (6) and (7) which set the upper limit of a current 
phase as the phase which makes motor torque max in the inverter output voltage at that time, or its near for 
every instant, 8) (8'), (9) (9*), and (11). 

[Claim 24] In the synchronous motor control unit which controls a synchronous motor (3) by supplying the 
output voltage of an inverter (2) to a synchronous motor (3) The synchronous motor control unit 
characterized by including (the inverter control means (6) and (7) which set the upper limit of a current 
phase as the phase which makes motor torque max in an inverter maximum output electrical potential 
difference, or its near for every engine speed, 8) (8'), (9) (9'), and (11). 

[Claim 25] Said inverter control means (8) is a synchronous motor control unit according to claim 23 or 24 
which is that to which a rotational frequency is answered at least and the upper limit of a current phase is 



changed. 

[Claim 26] In the synchronous motor control unit which controls a synchronous motor (3) by supplying the 
output voltage of an inverter (2) to a synchronous motor (3) The synchronous motor control unit 
characterized by including (the inverter control means (6) and (7) which set the upper limit of a current 
phase as the phase which makes motor torque max in the inverter maximum output electrical potential 
difference at the time of the maximum high-speed rotation, or its near, 8) (8'), (9) (9'), and (11). 
[Claim 27] In the synchronous motor control unit which controls a synchronous motor (3) by supplying the 
output voltage of an inverter (2) to a synchronous motor (3) The synchronous motor control unit 
characterized by including the inverter control means (6) by which at least the maximum phase to which the 
inverter output current will be restricted for every business torque, and min set the limiting value of a current 
phase as phases or these near, (7), (8), (9) (9'), and (11). 

[Claim 28] The synchronous motor control unit characterized by including the inverter control means which 
chooses the smallest upper limit in the synchronous motor control unit which controls a synchronous motor 
(3) by supplying the output voltage of an inverter (2) to a synchronous motor (3) among the upper limits set 
up by claim 23, claim 24, claim 26, and claim 27 for every instant in the upper limit of a current phase. 
[Claim 29] Said inverter control means (6), (7), (8) (9'), and (11) are a synchronous motor control unit given 
in any of claim 23 to claim 28 which is what controls an inverter (2) by the smallest current phase that a 
synchronous motor should be driven among the current phases which set the lower limit of a current phase 
as the current phases which make effectiveness or torque max, or these near, and can output business torque 
they are. 

[Claim 30] Said synchronous motor (3) is a synchronous motor control unit given in any of claim 23 to 
claim 29 which is what drives the compressor for air conditioners they are. 

[Claim 31] Said synchronous motor (3) is a synchronous motor control unit according to claim 30 which is 
that by which it is a permanent magnet motor and said inverter control means (6), (7), (8), and (9) set the 
upper limit of a current phase as 80 abbreviation [ 60 - ]. 

[Claim 32] In the synchronous motor control unit which controls a permanent magnet motor by supplying 
the output voltage of an inverter (2) to a permanent magnet motor Answer that the output voltage of an 
inverter (2) reached threshold value with the increment in an engine speed, and a current phase is advanced. 
The synchronous motor control unit characterized by including (the inverter control means (5) (5a) and (6) 
which answer having reached predetermined current phase threshold value or current threshold value, and 
perform rate suspension control, 7), (8) (9'), (10), (1 1), and (13). 

[Claim 33] In the synchronous motor control unit which controls a permanent magnet motor by supplying 
the output voltage of an inverter (2) to a permanent magnet motor Answer that the output voltage of an 
inverter (2) reached threshold value with the increment in an engine speed, and a current phase is advanced. 
The synchronous motor control unit characterized by including (the inverter control means (5) and (6) which 
answer having reached predetermined current phase threshold value or current threshold value, and hold the 
internal state of a speed-control means (5) in the condition in front of threshold value attainment, 7), (8), (9), 
and (13). 

[Claim 34] Said inverter control means (5), (7), (12) (12a), and (13) are a synchronous motor control unit 
according to claim 32 or 33 which is what outputs a desired voltage waveform from an inverter (2), answers 
that inverter output voltage approaches output voltage threshold value, and brings the output voltage wave 
from an inverter (2) close to an output voltage wave with a high electrical-potential-difference utilization 
factor when inverter output voltage is generous to output voltage threshold value. 

[Claim 35] Said inverter control means (5), (7), (12) (12a), and (13) are a synchronous motor control unit 
according to claim 34 which is what adopts a sine wave as a voltage waveform of said request. 
[Claim 36] Said inverter control means (5), (7), (12) (12a), and (13) are a synchronous motor control unit 
according to claim 34 or 35 which is what adopts a square wave as an output voltage wave with said high 
electrical-potential-difference utilization factor. 

[Claim 37] Said permanent magnet motor is a synchronous motor control unit given in any of claim 32 to 
claim 36 which is what drives a compressor they are. 

[Claim 38] The synchronous motor control device characterized by including the inverter control means (6) 
which controls an inverter (2) that a motor current should be controlled irrespective of whether the inverter 
output voltage amplitude is restricted in the synchronous motor control device which controls a synchronous 
motor (3) by supplying the output voltage of an inverter (2) to a synchronous motor (3), (7), (35), and (39). 
[Claim 39] Said inverter control means (6), (7), (35), and (39) are a synchronous motor control unit 



according to claim 38 which is \^it is performed by a motor current's arSPfering few things in control of 
said motor current, and making a motor terminal voltage command value increase, answering that there are 
many motor currents, and decreasing a motor terminal voltage command value. 

[Claim 40] Said inverter control means (6), (35), and (39) are a synchronous motor control unit according to 
claim 38 or 39 which is what controls an inverter (2) that reduction of the torque resulting from said voltage 
limiting should be compensated. 

[Claim 41] Said inverter control means (6), (35), and (39) are a synchronous motor control unit according to 
claim 40 which is what is performed by compensating reduction of the amplitude of the fundamental-wave 
component of a phase voltage command according compensation of reduction of said torque to voltage 
limiting. 

[Claim 42] Said inverter control means (6) and (35) are a synchronous motor control unit given in any of 
claim 38 to claim 41 which is what controls a current phase so that it answers that the degree of an 
overmodulation exceeded the predetermined value and the degree of an overmodulation becomes a 
predetermined value they are. 

[Claim 43] Said synchronous motor (3) is a synchronous motor control unit given in any of claim 31 to 
claim 42 which is the permanent magnet motor which comes to embed a permanent magnet to the interior of 
a rotator they are. 

[Claim 44] Said synchronous motor (3) is a synchronous motor control unit given in any of claim 38 to 
claim 43 which is what drives a compressor they are. 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the synchronous motor control approach which controls a 
synchronous motor, and its equipment by supplying the output voltage of an inverter to a synchronous motor. 
[0002] 

[Description of the Prior Art] The synchronous motor control unit which controls a synchronous motor by 
supplying the output voltage of an inverter to a synchronous motor from the former is proposed. 
[0003] And as such a synchronous motor control unit, while performing (1) overmodulation What uses 
together armature-voltage control and electrical-potential-difference phase control, controls an inverter, and 
controls a synchronous motor by supplying inverter output voltage, (2) Do not perform an overmodulation, 
but use together current control and current phase control, and an inverter is controlled. What changes the 
thing and (3) armature-voltage control which control a synchronous motor, and current control, controls an 
inverter, and controls a synchronous motor by supplying an inverter output wave is proposed by supplying 
inverter output voltage. Moreover, in the synchronous motor control unit of (4) and (2), what restricts the 
maximum of the current phase controlled by current phase control with a suitable value is proposed. For 
example, in the brushless DC motor control unit shown in JP,8-322279,A, the maximum phase is set up 
according to required torque. 
[0004] 

[Problem(s) to be Solved by the Invention] Since a current trip occurs at the time of an overload although 
the maximum use of the output voltage of an inverter can be carried out when the synchronous motor control 
device of the above (1) is adopted, there is un-arranging [ that the maximum use of the inverter output 
current cannot be earned out ]. 

[0005] Although generating of a current trip can be beforehand prevented when the synchronous motor 



control unit of the above (2) is a^^ted, there is un-arranging [ that the nftmum use of the inverter output 
voltage cannot be carried out ]. If it puts in another way, there is un-arranging [ that effectiveness cannot 
fully be raised ]. 

[0006] When the synchronous motor control unit of the above (3) is adopted, while un-arranging at the time 
of adopting the inconvenience at the time of adopting the synchronous motor control unit of (1) according to 
a change and the synchronous motor control unit of (2) occurs, there is also un-arranging [ that the 
configuration for performing the configuration and current control for performing armature-voltage control 
is required, and a configuration is complicated ]. 

[0007] When the synchronous motor control unit of the above (4) is adopted, since the maximum of a 
current phase is only restricted with the suitable value, there is un-arranging [ that the capacity of a 
synchronous motor and an inverter is unutilizable for the maximum ]. Furthermore, it explains. 
[0008] Since a synchronous motor cannot be changed into the condition that the maximum torque can be 
generated, it is necessary to enlarge a synchronous motor beyond the need. Moreover, since it is necessary to 
adopt the motor which stopped induced voltage low to make high-speed rotation perform, a drive current 
increases, and when driving a compressor by the synchronous motor, compressor rated (medium-speed 
region) effectiveness will fall. Furthermore, since the current phase is not restricted appropriately, if a 
current phase exceeds true threshold value, a synchronous motor will stall, and it will produce un-arranging, 
such as generating of a trip or the sharp decline in effectiveness, and operating-range un-attaining. 
[0009] Furthermore, it explains. 

[0010] Since the margin design which is not allowed but gives allowances to an electrical potential 
difference and a current was a base, the maximum torque conditions under electrical-potential-difference 
constraint not being shown at all in controlling a synchronous motor from the former, and performing rate 
suspension control in a servo application completely cannot control the synchronous motor in maximum 
torque conditions. Since the margin design had become common sense also in applications other than a 
servo, it was completely impossible to have controlled the synchronous motor in maximum torque 
conditions. When putting in another way, it was impossible to have used the maximum capacity of a 
synchronous motor like the maximum acceleration and the maximum torque. For this reason, when a margin 
is exceeded, a synchronous motor will stall, as a result trips, degradation, and operating-range sheep will be 
brought about. 

[0011] Moreover, when inverter output voltage performs a torque control according to a motor current when 
high enough, and it originates in motor induced voltage as compared with motor induced voltage at the time 
of high-speed rotation and it becomes impossible to increase a motor electrical potential difference, a current 
phase is advanced, magnetic flux is weakened, and making high-speed rotation perform further by making a 
motor current increase is known. However, the approach of pulling out the maximum capacity of a motor 
using these is not not only proposed at all, but when the command beyond capacity is given momentarily, 
the method of preventing emission of a control system is not proposed at all. Therefore, it is impossible to 
use up capacity ******** Q f a motor inverter, maintaining a good controllability (a high speed of response, 
high effectiveness). 

[0012] Furthermore, since it is thought that a current control system emits if inverter output voltage reaches 
threshold value, when using inverter output voltage to near threshold value, current control will not be able 
to be performed, consequently it will produce un-arranging, such as emission of a trip and a control system. 
[0013] 

[Objects of the Invention] This invention is made in view of the above-mentioned trouble, the capacity of a 
synchronous motor can be utilized for the maximum, the capacity of an inverter is utilizable for the 
maximum, securing a high controllability, and it aims at offering trip loess, the synchronous motor control 
approach that current control can be performed, and its equipment, carrying out the maximum use of the 
inverter output voltage moreover. 
[0014] 

[Means for Solving the Problem] In controlling a synchronous motor by supplying the output voltage of an 
inverter to a synchronous motor, the synchronous motor control approach of claim 1 is an approach of 
setting the upper limit of a current phase as the phase which makes motor torque max in the inverter output 
voltage at that time, or its near for every instant. 

[0015] In controlling a synchronous motor by supplying the output voltage of an inverter to a synchronous 
motor, the synchronous motor control approach of claim 2 is an approach of setting the upper limit of a 
current phase as the phase which makes motor torque max in an inverter maximum output electrical 



potential difference, or its near flllevery engine speed. 

[0016] The synchronous motor control approach of claim 3 is an approach of answering a rotational 
frequency at least and changing the upper limit of a current phase. 

[0017] In controlling a synchronous motor by supplying the output voltage of an inverter to a synchronous 
motor, the synchronous motor control approach of claim 4 is an approach of setting the upper limit of a 
current phase as the phase which makes motor torque max in the inverter maximum output electrical 
potential difference at the time of the maximum high-speed rotation, or its near. 

[0018] In controlling a synchronous motor by supplying the output voltage of an inverter to a synchronous 
motor, the synchronous motor control approach of claim 5 is an approach at least the maximum phase to 
which the inverter output current will be restricted for every business torque, and min set the limiting value 
of a current phase as phases or these near. 

[0019] In controlling a synchronous motor by supplying the output voltage of an inverter to a synchronous 
motor, the synchronous motor control approach of claim 6 is the approach of choosing the smallest upper 
limit among the upper limits set up by claim 1, claim 2, claim 4, and claim 5 for every instant in the upper 
limit of a current phase. 

[0020] The synchronous motor control approach of claim 7 is an approach of driving a synchronous motor 
with the smallest current phase among the current phases which set the lower limit of a current phase as the 
current phases which make effectiveness or torque max, or these near, and can output business torque. 
[0021] The synchronous motor control approach of claim 8 is an approach of driving the compressor for air 
conditioners by said synchronous motor. 

[0022] The synchronous motor control approach of claim 9 is an approach of adopting a permanent magnet 
motor as said synchronous motor, and setting the upper limit of a current phase as 80 abbreviation [ 60 - ]. 
[0023] In controlling a permanent magnet motor by supplying the output voltage of an inverter to a 
permanent magnet motor, the synchronous motor control approach of claim 10 is an approach of answering 
the output voltage of an inverter having reached threshold value with the increment in an engine speed, 
advancing a current phase, answering having reached predetermined current phase threshold value or current 
threshold value, and performing rate suspension control. 

[0024] In controlling a permanent magnet motor by supplying the output voltage of an inverter to a 
permanent magnet motor, the synchronous motor control approach of claim 11 is an approach of answering 
the output voltage of an inverter having reached threshold value with the increment in an engine speed, 
advancing a current phase, answering having reached predetermined current phase threshold value or current 
threshold value, and holding the internal state of a speed-control means in the condition in front of threshold 
value attainment. 

[0025] The synchronous motor control approach of claim 12 is an approach of outputting a desired voltage 
waveform from an inverter, answering inverter output voltage approaching output voltage threshold value, 
and bringing the output voltage wave from an inverter close to an output voltage wave with a high 
electrical-potential-difference utilization factor, when inverter output voltage is generous to output voltage 
threshold value. 

[0026] The synchronous motor control approach of claim 13 is the approach of adopting a sine wave as a 
voltage waveform of said request. 

[0027] The synchronous motor control approach of claim 14 is the approach of adopting a square wave as an 
output voltage wave with said high electrical-potential-difference utilization factor. 

[0028] The synchronous motor control approach of claim 15 is an approach of driving a compressor by the 
permanent magnet motor. 

[0029] In controlling a synchronous motor by supplying the output voltage of an inverter to a synchronous 
motor, the synchronous motor control approach of claim 16 is the approach of controlling a motor current 
irrespective of whether the inverter output voltage amplitude is restricted. 

[0030] The synchronous motor control approach of claim 17 is the approach of performing by a motor 
current's answering few things in control of said motor current, and making a motor terminal voltage 
command value increase, answering that there are many motor currents, and decreasing a motor terminal 
voltage command value. 

[0031] The synchronous motor control approach of claim 18 is the approach of controlling an inverter that 
reduction of the torque resulting from said voltage limiting should be compensated. 

[0032] The synchronous motor control approach of claim 19 is the approach of performing by compensating 
reduction of the amplitude of the fundamental-wave component of a phase voltage command according 



compensation of reduction of s^Worque to voltage limiting. 

[0033] The synchronous motor control approach of claim 20 is the approach of controlling a current phase 
so that it answers that the degree of the overmodulation which raises an electrical-potential-difference 
utilization factor exceeded the predetermined value and the degree of an overmodulation becomes a 
predetermined value. 

[0034] The synchronous motor control approach of claim 21 is the approach of adopting the permanent 
magnet motor which comes to embed a permanent magnet to the interior of a rotator as said synchronous 
motor. 

[0035] The synchronous motor control approach of claim 22 is an approach of driving a compressor by said 
synchronous motor. 

[0036] The synchronous motor control device of claim 23 includes the inverter control means which sets the 
upper limit of a current phase as the phase which makes motor torque max in the inverter output voltage at 
that time, or its near for every instant in what controls a synchronous motor by supplying the output voltage 
of an inverter to a synchronous motor. 

[0037] The synchronous motor control device of claim 24 includes the inverter control means which sets the 
upper limit of a current phase as the phase which makes motor torque max in an inverter maximum output 
electrical potential difference, or its near for every engine speed in what controls a synchronous motor by 
supplying the output voltage of an inverter to a synchronous motor. 

[0038] That to which a rotational frequency is answered at least and the upper limit of a current phase is 
changed as said inverter control means is used for the synchronous motor control device of claim 25. 
[0039] The synchronous motor control device of claim 26 includes the inverter control means which sets the 
upper limit of a current phase as the phase which makes motor torque max in the inverter maximum output 
electrical potential difference at the time of the maximum high-speed rotation, or its near in what controls a 
synchronous motor by supplying the output voltage of an inverter to a synchronous motor. 
[0040] The synchronous motor control device of claim 27 includes the inverter control means by which at 
least the maximum phase to which the inverter output current will be restricted for every business torque, 
and min set the limiting value of a current phase as phases or these near in what controls a synchronous 
motor by supplying the output voltage of an inverter to a synchronous motor. 

[0041] The synchronous motor control device of claim 28 includes the inverter control means which chooses 
the smallest upper limit among the upper limits set up by claim 23, claim 24, claim 26, and claim 27 for 
every instant in the upper limit of a current phase in what controls a synchronous motor by supplying the 
output voltage of an inverter to a synchronous motor. 

[0042] The synchronous motor control device of claim 29 sets the lower limit of a current phase as the 
current phases which make effectiveness or torque max, or these near as said inverter control means, and 
what controls an inverter by the smallest current phase among the current phases which can output business 
torque that a synchronous motor should be driven is used for it. 

[0043] What drives the compressor for air conditioners is used for the synchronous motor control unit of 
claim 30 as said synchronous motor. 

[0044] A permanent magnet motor is used for the synchronous motor control device of claim 31 as said 
synchronous motor, and what sets the upper limit of a current phase as 80 abbreviation [ 60 - ] is used for it 
as said inverter control means. 

[0045] The synchronous motor control device of claim 32 includes the inverter control means which 
answers that the output voltage of an inverter reached threshold value with the increment in an engine speed, 
advances a current phase, answers having reached predetermined current phase threshold value or current 
threshold value, and performs rate suspension control in what controls a permanent magnet motor by 
supplying the output voltage of an inverter to a permanent magnet motor. 

[0046] The synchronous-motor control device of claim 33 includes the inverter control means which 
answers that the output voltage of an inverter reached threshold value with the increment in an engine speed, 
advances a current phase, answers having reached predetermined current phase threshold value or current 
threshold value, and holds the internal state of a speed-control means in the condition in front of threshold 
value attainment in what controls a permanent magnet motor by supplying the output voltage of an inverter 
to a permanent magnet motor. 

[0047] When inverter output voltage is generous to output voltage threshold value as said inverter control 
means, the synchronous motor control device of claim 34 outputs a desired voltage waveform from an 
inverter, and what answers that inverter output voltage approaches output voltage threshold value, and 



brings the output voltage wave an inverter close to an output voltagB^ave with a high 
electrical-potential-difference utilization factor is used for it. 

[0048] What makes a sine wave the voltage waveform of said request is used for the synchronous motor 
control device of claim 35 as said inverter control means. 

[0049] What makes a square wave an output voltage wave with said high electrical-potential-difference 
utilization factor is used for the synchronous motor control device of claim 36 as said inverter control means. 
[0050] What drives a compressor as said permanent magnet motor is used for the synchronous motor control 
unit of claim 37. 

[0051] The synchronous motor control device of claim 38 includes the inverter control means which 
controls an inverter that a motor current should be controlled irrespective of whether the inverter output 
voltage amplitude is restricted in what controls a synchronous motor by supplying the output voltage of an 
inverter to a synchronous motor. 

[0052] What is performed by a motor current's answering few things in control of said motor current as said 
inverter control means, and making a motor terminal voltage command value increase, answering that there 
are many motor currents, and decreasing a motor terminal voltage command value is used for the 
synchronous motor control device of claim 39. 

[0053] What controls an inverter that reduction of the torque resulting from said voltage limiting should be • 
compensated as said inverter control means is used for the synchronous motor control device of claim 40. 
[0054] What is performed by compensating reduction of the amplitude of the fundamental-wave component 
of a phase voltage command according compensation of reduction of said torque to voltage limiting as said 
inverter control means is used for the synchronous motor control device of claim 41. 
[0055] As said inverter control means, the synchronous motor control device of claim 42 answers that the 
degree of an overmodulation exceeded the predetermined value, and what controls a current phase so that 
the degree of an overmodulation becomes a predetermined value is used for it. 

[0056] The permanent magnet motor which comes to embed a permanent magnet to the interior of a rotator 
is used for the synchronous motor control unit of claim 43 as said synchronous motor. 

[0057] What drives a compressor as said synchronous motor is used for the synchronous motor control unit 

of claim 44. 

[0058] 

[Function] In controlling a synchronous motor by supplying the output voltage of an inverter to a 
synchronous motor, if it is the synchronous motor control approach of claim 1 Since the upper limit of a 
current phase is set as the phase which makes motor torque max in the inverter output voltage at that time, or 
its near for every instant In order to advance a current phase in order to pull up the maximum rotational 
speed, or to control a rate, when operating an electrical-potential-difference phase or a current phase, 
operation near the maximum torque which can generate a synchronous motor can be performed. 
Consequently, while being able to prevent generating of a trip beforehand, it can make the most of an 
electrical potential difference and a current, as a result the maximum effectiveness by a miniaturization and 
the optimal tuning of a synchronous motor can be realized. 

[0059] In controlling a synchronous motor by supplying the output voltage of an inverter to a synchronous 
motor, if it is the synchronous motor control approach of claim 2 Since the upper limit of a current phase is 
set as the phase which makes motor torque max in an inverter maximum output electrical potential 
difference, or its near for every engine speed A synchronous motor can be controlled using the upper limit of 
the current phase set up for every rate, and the current phase at the time of the field-weaking control at the 
time of a high speed can be held below to a upper limit. Consequently, while being able to prevent 
generating of a trip beforehand, it can make the most of an electrical potential difference and a current, as a 
result miniaturization of a synchronous motor and the maximum effectiveness by the optimal tuning can be 
realized. 

[0060] If it is the synchronous motor control approach of claim 3, since a rotational frequency is answered at 
least and the upper limit of a current phase is changed, the same operation as claim 1 or claim 2 can be 
attained. 

[0061] In controlling a synchronous motor by supplying the output voltage of an inverter to a synchronous 
motor, if it is the synchronous motor control approach of claim 4 Since the upper limit of a current phase is 
set as the phase which makes motor torque max in the inverter maximum output electrical potential 
difference at the time of the maximum high-speed rotation, or its near, while simplifying processing and 
being able to prevent generating of a trip beforehand It can make the most of an electrical potential 



difference and a current, as a reaHr miniaturization of a synchronous mdWFand the maximum effectiveness 
by the optimal tuning can be realized. 

[0062] Since at least the maximum phase to which the inverter output current will be restricted for every 
business torque, and min set the limiting value of a current phase as phases or these near in controlling a 
synchronous motor by supplying the output voltage of an inverter to a synchronous motor if it is the 
synchronous motor control approach of claim 5, a torque fall can be prevented and, moreover, a current 
phase can be controlled to the maximum extent. Consequently, while being able to prevent generating of a 
trip beforehand, it can make the most of an electrical potential difference and a current, as a result 
miniaturization of a synchronous motor and the maximum effectiveness by the optimal tuning can be 
realized. 

[0063] In controlling a synchronous motor by supplying the output voltage of an inverter to a synchronous 
motor, if it is the synchronous motor control approach of claim 6 By restricting a current phase by the 
selected upper limit, since the smallest upper limit is chosen among the upper limits set up by claim 1, claim 
2, claim 4, and claim 5 for every instant in the upper limit of a current phase While being able to prevent 
generating of a trip beforehand, it can make the most of an electrical potential difference and a current, as a 
result miniaturization of a synchronous motor and the maximum effectiveness by the optimal tuning can be 
realized. 

[0064] The current phase which will make effectiveness or torque max for the lower limit of a current phase 
if it is the synchronous motor control approach of claim 7, Or since a synchronous motor is driven with the 
smallest current phase among the current phases which set it as these near and can output business torque A 
current phase is controllable to the phase between a lower limit and a upper limit, and also the same 
operation as any of claim 1 to claim 6 they are can be attained. 

[0065] The same operation as any of claim 1 to claim 7 they are can be attained without being able to cool 
the synchronous motor to which generation of heat becomes large at the time of field-weaking control, and 
taking into consideration especially heat dissipation of a synchronous motor with a refrigerant, since the 
compressor for air conditioners is driven by said synchronous motor if it is the synchronous motor control 
approach of claim 8. 

[0066] If it is the synchronous motor control approach of claim 9, since a permanent magnet motor will be 
adopted as said synchronous motor and the upper limit of a current phase will be set as 80 abbreviation [ 60 
- ], the maximum capacity of a permanent magnet motor can be pulled out, good operational characteristics 
can be realized, and, moreover, the same operation as claim 8 can be attained. 
[0067] In controlling a permanent magnet motor by supplying the output voltage of an inverter to a 
permanent magnet motor, if it is the synchronous motor control approach of claim 10 Answer that the output 
voltage of an inverter reached threshold value with the increment in an engine speed, and a current phase is 
advanced. Since it answers having reached predetermined current phase threshold value or current threshold 
value and rate suspension control is performed, a permanent magnet motor is driven to a current limitation 
and below a phase limitation, and emission of a control system can be prevented. And while being able to 
prevent generating of a trip beforehand, it can make the most of an electrical potential difference and a 
current, as a result miniaturization of a synchronous motor and the maximum effectiveness by the optimal 
tuning can be realized. 

[0068] In controlling a permanent magnet motor by supplying the output voltage of an inverter to a 
permanent magnet motor, if it is the synchronous motor control approach of claim 1 1 Answer that the output 
voltage of an inverter reached threshold value with the increment in an engine speed, and a current phase is 
advanced. Since it answers having reached predetermined current phase threshold value or current threshold 
value and the internal state of a speed-control means is held in the condition in front of threshold value 
attainment, emission of a speed-control system can be prevented. And while being able to prevent 
generating of a trip beforehand, it can make the most of an electrical potential difference and a current, as a 
result miniaturization of a synchronous motor and the maximum effectiveness by the optimal tuning can be 
realized. 

[0069] If it is the synchronous motor control approach of claim 12, when inverter output voltage is generous 
to output voltage threshold value, Since a desired voltage waveform is outputted from an inverter, it answers 
that inverter output voltage approaches output voltage threshold value and the output voltage wave from an 
inverter is brought close to an output voltage wave with a high electrical-potential-difference utilization 
factor If a voltage waveform is adjusted suitably, while being able to attain silence in a low-speed area, 
expansion of a high-speed operating range can be attained, and also the same operation as claim 10 or claim 



1 i can be attained. '^P 

[0070] If it is the synchronous motor control approach of claim 13, since a sine wave is adopted as a voltage 
waveform of said request, the noise by the higher harmonic and vibration can be controlled easily, and also 
the same operation as claim 12 can be attained. 

[0071] If it is the synchronous motor control approach of claim 14, since a square wave is adopted as an 
output voltage wave with said high electrical-potential-difference utilization factor, sufficient expansion of a 
high-speed operating range can be attained, and also the same operation as claim 12 or claim 13 can be 
attained. 

[0072] If it is the synchronous motor control approach of claim 15, since a compressor is driven by the 
permanent magnet motor, while being able to reduce the noise and vibration, it can drive to a high speed, 
and also the same operation as any of claim 10 to claim 14 they are can be attained. 

[0073] Since a motor current is controlled irrespective of whether the inverter output voltage amplitude is 
restricted in controlling a synchronous motor by supplying the output voltage of an inverter to a synchronous 
motor if it is the synchronous motor control approach of claim 16, a motor current can be controlled also 
when a current increases according to disturbance etc. at the time of voltage limiting. And while being able 
to prevent generating of a trip beforehand, it can make the most of an electrical potential difference and a 
current, as a result miniaturization of a synchronous motor and the maximum effectiveness by the optimal 
tuning can be realized. 

[0074] If it is the synchronous motor control approach of claim 17, since it will carry out by a motor 
current's answering few things in control of said motor current, and making a motor terminal voltage 
command value increase, answering that there are many motor currents, and decreasing a motor terminal 
voltage command value, the same operation as claim 16 can be attained. 

[0075] If it is the synchronous motor control approach of claim 18, since an inverter is controlled that 
reduction of the torque resulting from said voltage limiting should be compensated, holding the torque in 
front of current limiting and also can be continued, and the same operation as claim 16 or claim 17 can be 
attained. 

[0076] If it is the synchronous motor control approach of claim 19, since it will carry out by compensating 
reduction of the amplitude of the fundamental-wave component of a phase voltage command according 
compensation of reduction of said torque to voltage limiting, the same operation as claim 18 can be attained. 
[0077] If it is the synchronous motor control approach of claim 20, it answers that the degree of the 
overmodulation which raises an electrical-potential-difference utilization factor exceeded the predetermined 
value, and since a current phase is controlled so that the degree of an overmodulation becomes a 
predetermined value, it can prevent that the degree of an overmodulation becomes large too much, and also 
the same operation as any of claim 16 to claim 19 they are can be attained. 

[0078] If it is the synchronous motor control approach of claim 21, since the permanent magnet motor which 
comes to embed a permanent magnet to the interior of a rotator is adopted as said synchronous motor, a field 
weakening operation can be used effectively, and also the same operation as any of claim 9 to claim 20 they 
are can be attained. 

[0079] If it is the synchronous motor control approach of claim 22, since a compressor is driven by said 
synchronous motor, even if it is the case where rapid load increase takes place, a synchronous motor and the 
overcurrent which brings about breakage of an inverter can be prevented, and also the same operation as any 
of claim 16 to claim 21 they are can be attained. 

[0080] In controlling a synchronous motor by supplying the output voltage of an inverter to a synchronous 
motor, if it is the synchronous motor control device of claim 23, the upper limit of a current phase can be set 
as the phase which makes motor torque max in the inverter output voltage at that time, or its near for every 
instant by the inverter control means. 

[0081] Therefore, in controlling an electrical-potential-difference phase or a current phase, in order to 
advance a current phase in order to earn the maximum rotational speed, or to control the speed, control by 
the maximum torque which can generate a synchronous motor can be performed. Consequently, while being 
able to prevent generating of a trip beforehand, it can make the most of an electrical potential difference and 
a current, as a result the maximum effectiveness by a miniaturization and the optimal tuning of a 
synchronous motor can be realized. 

[0082] In controlling a synchronous motor by supplying the output voltage of an inverter to a synchronous 
motor, if it is the synchronous motor control device of claim 24, the upper limit of a current phase can be set 
as the phase which makes motor torque max in an inverter maximum output electrical potential difference, 



or its near for every engine spe^Bfy the inverter control means. 

[0083] Therefore, a synchronous motor can be controlled using the upper limit of the current phase set up 
for every rate, and the current phase at the time of the field-weaking control at the time of a high speed can 
be held below to a upper limit. Consequently, while being able to prevent generating of a trip beforehand, it 
can make the most of an electrical potential difference and a current, as a result miniaturization of a 
synchronous motor and the maximum effectiveness by the optimal tuning can be realized. 
[0084] If it is the synchronous motor control device of claim 25, since that to which a rotational frequency is 
answered at least and the upper limit of a current phase is changed as said inverter control means will be 
adopted, the same operation as claim 23 or claim 24 can be attained. 

[0085] In controlling a synchronous motor by supplying the output voltage of an inverter to a synchronous 
motor, if it is the synchronous motor control device of claim 26, the upper limit of a current phase can be set 
as the phase which makes motor torque max in the inverter maximum output electrical potential difference 
at the time of the maximum high-speed rotation, or its near by the inverter control means. 
[0086] Therefore, a current phase can be restricted only to the transient change at the time of the maximum 
electrical potential difference and a maximum current phase. Consequently, while simplifying a 
configuration and being able to prevent generating of a trip beforehand, it can make the most of an electrical 
potential difference and a current, as a result miniaturization of a synchronous motor and the maximum 
effectiveness by the optimal tuning can be realized. 

[0087] In controlling a synchronous motor by supplying the output voltage of an inverter to a synchronous 
motor, if it is the synchronous motor control device of claim 27, at least the maximum phase to which the 
inverter output current will be restricted for every business torque in the limiting value of a current phase, 
and min can be set as phases or these near by the inverter control means. 

[0088] Therefore, a torque fall can be prevented and, moreover, a current phase can be controlled to the 
maximum extent. Consequently, while being able to prevent generating of a trip beforehand, it can make the 
most of an electrical potential difference and a current, as a result miniaturization of a synchronous motor 
and the maximum effectiveness by the optimal tuning can be realized. 

[0089] In controlling a synchronous motor by supplying the output voltage of an inverter to a synchronous 
motor, if it is the synchronous motor control device of claim 28, the smallest upper limit can be chosen 
among the upper limits set up by claim 23, claim 24, claim 26, and claim 27 for every instant in the upper 
limit of a current phase by the inverter control means. 

[0090] Therefore, while being able to prevent generating of a trip beforehand by restricting a current phase 
by the selected upper limit, it can make the most of an electrical potential difference and a current, as a result 
miniaturization of a synchronous motor and the maximum effectiveness by the optimal tuning can be 
realized. 

[0091] If it is the synchronous motor control device of claim 29, as said inverter control means The lower 
limit of a current phase is set as the current phases which make effectiveness or torque max, or these near. 
Since what controls an inverter by the smallest current phase among the current phases which can output 
business torque that a synchronous motor should be driven is adopted A current phase is controllable to the 
phase between a lower limit and a upper limit, and also the same operation as any of claim 23 to claim 28 
they are can be attained. 

[0092] The same operation as any of claim 23 to claim 29 they are can be attained without being able to cool 
a synchronous motor and taking into consideration especially heat dissipation of a synchronous motor with a 
refrigerant, since what drives the compressor for air conditioners is adopted as said synchronous motor if it 
is the synchronous motor control unit of claim 30. 

[0093] If it is the synchronous motor control device of claim 31, since it will adopt a permanent magnet 
motor as said synchronous motor and what sets the upper limit of a current phase as 80 abbreviation [ 60 - ] 
will be adopted as said inverter control means, the maximum capacity of a permanent magnet motor can be 
pulled out, a flat torque characteristic can be realized, and, moreover, the same operation as claim 30 can be 
attained. 

[0094] In controlling a permanent magnet motor by supplying the output voltage of an inverter to a 
permanent magnet motor, if it is the synchronous motor control device of claim 32, by the inverter control 
means, it answers that the output voltage of an inverter reached threshold value with the increment in an 
engine speed, and a current phase can be advanced, it can answer having reached predetermined current 
phase threshold value or current threshold value, and rate suspension control can be performed. 
[0095] Therefore, a permanent magnet motor is driven to a current limitation and below a phase limitation, 



and emission of a control systemBIn be prevented. And while being abl^^prevent generating of a trip 
beforehand, it can make the most of an electrical potential difference and a current, as a result 
miniaturization of a synchronous motor and the maximum effectiveness by the optimal tuning can be 
realized. 

[0096] In controlling a permanent magnet motor by supplying the output voltage of an inverter to a 
permanent magnet motor, if it is the synchronous motor control device of claim 33, by the inverter control 
means, it answers that the output voltage of an inverter reached threshold value with the increment in an 
engine speed, and a current phase can be advanced, it can answer having reached predetermined current 
phase threshold value or current threshold value, and the internal state of a speed-control means can be held 
in the condition in front of threshold value attainment. 

[0097] Therefore, emission of a speed-control system can be prevented. And while being able to prevent 
generating of a trip beforehand, it can make the most of an electrical potential difference and a current, as a 
result miniaturization of a synchronous motor and the maximum effectiveness by the optimal tuning can be 
realized. 

[0098] If it is the synchronous motor control device of claim 34, when inverter output voltage is generous to 
output voltage threshold value as said inverter control means, Since what outputs a desired voltage 
waveform from an inverter, answers that inverter output voltage approaches output voltage threshold value, 
and brings the output voltage wave from an inverter close to an output voltage wave with a high 
electrical-potential-difference utilization factor is adopted While being able to attain silence in a low-speed 
area, expansion of a high-speed operating range can be attained, and also the same operation as claim 32 or 
claim 33 can be attained. 

[0099] If it is the synchronous motor control device of claim 35, since what makes a sine wave the voltage 
waveform of said request is adopted as said inverter control means, the noise by the higher harmonic and 
vibration can be controlled easily, and also the same operation as claim 34 can be attained. 
[0100] If it is the synchronous motor control device of claim 36, since what makes a square wave an output 
voltage wave with said high electrical-potential-difference utilization factor is adopted as said inverter 
control means, sufficient expansion of a high-speed operating range can be attained, and also the same 
operation as claim 34 or claim 35 can be attained. 

[0101] If it is the synchronous motor control unit of claim 37, since what drives a compressor as said 
permanent magnet motor is adopted, while being able to reduce the noise and vibration, it can drive to a high 
speed, and also the same operation as any of claim 32 to claim 36 they are can be attained. 
[0102] In controlling a synchronous motor by supplying the output voltage of an inverter to a synchronous 
motor, if it is the synchronous motor control device of claim 38, an inverter is [ that a motor current should 
be controlled ] controllable by the inverter control means irrespective of whether the inverter output voltage 
amplitude is restricted. 

[0103] Therefore, a motor current can be controlled also when a current increases according to disturbance 
etc. at the time of voltage limiting. And while being able to prevent generating of a trip beforehand, it can 
make the most of an electrical potential difference and a current, as a result miniaturization of a synchronous 
motor and the maximum effectiveness by the optimal tuning can be realized. 

[0104] If it is the synchronous motor control device of claim 39, since what is performed by a motor 
current's answering few things in control of said motor current as said inverter control means, and making a 
motor terminal voltage command value increase, answering that there are many motor currents, and 
decreasing a motor terminal voltage command value will be adopted, the same operation as claim 38 can be 
attained. 

[0105] If it is the synchronous motor control device of claim 40, since what controls an inverter that 
reduction of the torque resulting from said voltage limiting should be compensated as said inverter control 
means is adopted, holding the torque in front of current limiting and also can be continued, and the same 
operation as claim 38 or claim 39 can be attained. 

[0106] If it is the synchronous motor control device of claim 41, since what is performed by compensating 
reduction of the amplitude of the fundamental-wave component of a phase voltage command according 
compensation of reduction of said torque to voltage limiting as said inverter control means will be adopted, 
the same operation as claim 40 can be attained. 

[0107] If it is the synchronous motor control device of claim 42, as said inverter control means, since what 
controls a current phase is adopted, it can prevent that the degree of an overmodulation becomes large too 
much, so that it may answer that the degree of an overmodulation exceeded the predetermined value and the 



degree of an overmodulation mjpRecome a predetermined value, and al^ffhe same operation as any of 
claim 38 to claim 41 they are can be attained. 

[0108] If it is the synchronous motor control unit of claim 43, since the permanent magnet motor which 
comes to embed a permanent magnet to the interior of a rotator is adopted as said synchronous motor, a field 
weakening operation can be used effectively, and also the same operation as any of claim 31 to claim 42 
they are can be attained. 

[0109] If it is the synchronous motor control unit of claim 44, since what drives a compressor as said 
synchronous motor is adopted, even if it is the case where rapid load increase takes place, a synchronous 
motor and the overcurrent which brings about breakage of an inverter can be prevented, and also the same 
operation as any of claim 38 to claim 43 they are can be attained. 
[0110] 

[Embodiment of the Invention] Hereafter, with reference to an accompanying drawing, the mode of 
operation of the synchronous motor control approach of this invention and its equipment is explained to a 
detail. 

[01 11] Drawing 1 is the block diagram showing one embodiment of the synchronous motor control device 
of this invention. 

[0112] Converter la which this synchronous motor control device considers AC power supply 1 as an input, 
and outputs direct current power, The inverter 2 which outputs alternating current power by considering 
direct current power as an input, and is supplied to a synchronous motor 3, Current detecting-element 3a 
which detects a motor current, and electrical-potential-difference detecting-element 3b which detects a 
motor electrical potential difference, A motor current, and the location and speed detector 4 which output the 
rotation location (the Rota location is called hereafter) of the rotator of a synchronous motor 3, and the 
rotational speed (a rate is only called hereafter) of a rotator based on a motor electrical potential difference, 
The speed-control section 5 which controls the speed by considering as an input the rate command given 
from the rate and the outside from a location and a speed detector 4, and outputs a current command, The 
phase control section 6 which performs phase control by considering as an input the phase command given 
from the current command and the outside from the speed-control section 5, and outputs a current amplitude 
command, The current control section 7 which performs current control by considering the current 
amplitude command, motor current, and the Rota location (theta) from the phase control section 6 as an 
input, outputs an electrical-potential-difference command, and is supplied to an inverter 2, The 
electrical -potential -difference command from the rate and the current control section 7 from a location and a 
speed detector 4 is considered as an input. The maximum phase table 8 which outputs the maximum current 
phase which corresponds among the maximum current phases (motor output voltage, maximum current 
phase beforehand set up corresponding to the rotational frequency) set up beforehand, It has the phase limit 
section 9 which restricts a phase command based on a maximum current phase so that the phase control 
section 6 may be supplied. 

[0113] Although the permanent magnet motor {an embedded permanent magnet motor (IPM) is called 
hereafter) which comes to arrange a permanent magnet inside a rotator can be illustrated as said 
synchronous motor 3, for example, it is possible to adopt the thing of other well-known configurations 
conventionally. 

[01 14] As said maximum phase table 8, a maximum current phase may be held in the form of a function, 
[01 15] Although the Rota location and a rate are detected as said location and speed detector 4 based on the 
induced voltage in the non-energized section, the location detection device is prepared in the synchronous 
motor 3, and you may make it output the Rota location and a rate from a location detection result. Of course, 
the operation based on a motor model may be performed and the Rota location and a rate may be outputted. 
[0116] Moreover, since the configuration of each of said component is conventionally well-known, it omits 
detailed explanation. 

[0117] First, the current phase-torque characteristic of 1PM is explained. 

[0118] Drawing 2 is drawing showing the current phase-torque characteristic of IPM at the time of a motor 
current clamp. 

[0119] In IPM, since the reluctance torque other than magnet torque occurs, it advances from zero current 
phase and the maximum torque is generated with a phase. Since it will be in the field weakening condition 
which weakens the field of a permanent magnet, the electrical potential difference impressed to IPM at this 
time falls, so that it advances a current phase. 

[0120] And although a motor current increases by advancing a current phase when the applied voltage of 



IPM is set constant so that (a) aflBJb) may show among drawing 3 whicWnows the current phase-torque 
characteristic at the time of a voltage clamp, the torque yield to a motor current decreases. And in IPM used 
for evaluation of drawing 3 , when a current phase is 70 - 80 degrees, the maximum torque is generated. 
[0121] The operation of the synchronous motor control unit of the above-mentioned configuration is as 
follows. 

[0122] While impressing the output voltage of an inverter 2, operating the synchronous motor 3 and current 
detecting-element 3a detects a motor current, electrical-potential-difference detecting-element 3b detects a 
motor electrical potential difference, and the Rota location and a rate are detected by supplying a motor 
current and a motor electrical potential difference to a location and a speed detector 4. 

[0123] And based on the rate command given from the detected rate and the outside, the speed is controlled 
by the speed-control section 5, and a current command is generated. 

[0124] Moreover, the phase command given from the outside is supplied to the phase limit section 9, and it 
restricts a phase command so that the maximum current phase outputted from the maximum phase table 8 
based on an electrical-potential-difference command and a rate may not be exceeded. Of course, when a 
phase command is smaller than a maximum current phase, a phase command is outputted as it is. 
[0125] A current amplitude command (and current phase) is outputted by performing phase control in the 
phase control section 6 based on the current command from the speed-control section 5, and the phase 
command from the phase limit section 9. 

[0126] Based on this current amplitude command, a motor current, and the Rota location, the current control 
section 7 performs current control, an electrical-potential-difference command is outputted in order to 
double the magnitude of a motor current, and a phase with a command value, and an inverter 2 is supplied. 
[0127] Therefore, in controlling the speed, while performing processing which advances a current phase, in 
order to earn the maximum rotational speed, processing which controls not an electrical-potential-difference 
value but a current phase can be performed, and control by the maximum torque which can moreover 
generate a synchronous motor 3 can be performed. 

[0128] In addition, in the synchronous motor control unit of the above-mentioned configuration, while 
omitting the current control section 7, generating a direct voltage swing in the speed-control section 5 and 
performing electrical-potential-difference phase control in the phase control section 6, it is possible to 
constitute so that the electrical-potential-difference command to the inverter set by the Rota location may be 
generated. 

[0129] Drawing 4 is the block diagram showing other embodiments of the synchronous motor control device 
of this invention. 

[0130] The point that this synchronous motor control device differs from the synchronous motor control 
device of drawing 1 is only a point which adopted what holds the maximum current phase to each rate as a 
maximum phase table 8. 

[0131] Therefore, the maximum current phase which corresponds from the maximum phase table 8 based on 
the rate from a location and a speed detector 4 is outputted in this case, and the phase limit section 9 can be 
supplied. 

[0132] Consequently, in controlling the speed like the synchronous motor control unit of drawing 1 , while 
performing processing which advances a current phase in order to earn the maximum rotational speed, 
processing which controls not an electrical -potential-difference value but a current phase can be performed, 
and control by the maximum torque which can moreover generate a synchronous motor 3 can be performed. 
[0133] Moreover, in this embodiment, the maximum phase table 8 can be transposed to a constant. 
[0134] Usually, in a synchronous motor control unit with a current control loop, when torque is needed, 
processing to which a motor current value is made to increase is performed, and a current phase is not 
moved greatly. For this reason, that a limit of a current phase is needed has many cases only at the time of 
the field-weaking control at the time of a high speed. Therefore, by adopting the synchronous motor control 
unit of this embodiment, only when very required, a current phase can be restricted. 

[0135] Drawing 5 is the block diagram showing the embodiment of further others of the synchronous motor 
control device of this invention. 

[0136] The point that this synchronous motor control device differs from the synchronous motor control 
device of drawing 1 is only a point which replaced with the maximum phase table 8 and adopted maximum 
phase attaching part 8'. 

[0137] The maximum current phase to which this maximum phase attaching part 8' makes motor torque max 
in the inverter maximum output electrical potential difference at the time of the highest rotation is set up 



beforehand. 4V 

[0138] Therefore, in this case, based on the maximum current phase from maximum phase attaching part 8', 
the phase limit section 9 restricts a phase command, and also the same operation as the synchronous motor 
control unit of drawing 1 can be attained. 

[0139] Consequently, as compared with the maximum phase table 8, the configuration of maximum phase 
attaching part 8' can be simplified. 

[0140] Moreover, when there is an enough electrical potential difference, torque is usually controlled by the 
current amplitude. And when it becomes high-speed rotation and an electrical potential difference becomes 
insufficient, in order to advance a current phase and to perform field- weaking control, it becomes the 
maximum electrical potential difference and the maximum phase at the time of the maximum load. 
Therefore, if a limit of a phase is performed to the transient change at the time of the maximum electrical 
potential difference and the maximum phase, there are many satisfactory applications and they can restrict a 
phase only to the transient change at the time of the maximum electrical potential difference and the 
maximum phase by applying the synchronous motor control unit of this embodiment to these applications. 
[0141] Drawing 6 is the block diagram showing the embodiment of further others of the synchronous motor 
control device of this invention. 

[0142] The points that this synchronous motor control device differs from the synchronous motor control 
device of drawing 1 are only the point that a maximum current phase and the minimum current phase just 
before the inverter output current serves as limiting value for every business torque adopted what was stored 
beforehand, and a point which contains further the torque presumption section 10 which presumes an output 
torque from the current amplitude and a current phase, and is supplied to the maximum phase table 8 as a 
maximum phase table 8. 

[0143] Therefore, in this case, by the torque presumption section 10, an output torque is presumed from the 
current amplitude and a current phase, the maximum phase table 8 is supplied, and the current phase to 
which the output current in that torque is restricted is read from the maximum phase table 8. And when the 
phase limit section 9 restricts a phase command with the current phase, it can prevent un-arranging [ that an 
output torque declines ] because current limiting works by going too far of a current phase. 
[0144] Consequently, a phase is controllable to the maximum extent, preventing a torque fall. 
[0145] Drawing 7 is the block diagram showing the embodiment of further others of the synchronous motor 
control device of this invention. 

[0146] The point that this synchronous motor control device differs from the synchronous motor control 
device of drawing 1 is only a point which adopted what has the function to restrict the output current as a 
current control section 7 when the output current crosses a limitation, and the function which outputs the 
flag which shows that the limit of the output current was performed instead of forming the maximum phase 
table 8. 

[0147] Therefore, by supplying the flag from the current control section 7 which shows in this case that the 
output current reached limiting value to the phase limit section 9, a current phase can be forbidden from 
overflowing more than it, and it can prevent un-arranging [ that an output torque declines ] because current 
limiting works from going too far of a current phase. 

[0148] Consequently, a phase is controllable to the maximum extent, preventing a torque fall. 
[0149] Drawing 8 is drawing showing an electrical potential difference and the torque-current phase 
characteristic at the time of current limiting. 

[0150] In addition, this property is acquired about IPM to which the maximum electrical potential difference 
was set to 200V, and it set 20A and the maximum rotational speed to 120rps for maximum current. 
[0151] and in the synchronous motor control unit (claim 2) of drawing 4 Time of 120rps ** and the line 
which passes along ** at the time of 70rps serve as a maximum current phase. In the synchronous motor 
control unit (claim 1) of drawing 1 It becomes what asked for the current phase of the synchronous motor 
control unit of drawing 4 for every electrical potential difference. In the synchronous motor control unit 
(claim 4) of drawing 5 ** Perpendicular Rhine along which it passes serves as a maximum current phase, 
and it becomes the range of a current phase where the Rhine outside of current-limiting 20Arms is restricted 
in drawing 6 or the synchronous motor control unit (claim 5) of drawing 7 . 

[0152] Moreover, it is desirable to ask for these maximum current phases, to choose the maximum current 
phase of the smaller one among these, and to restrict a phase command, and a phase command can prevent 
becoming large beyond the need. 

[0153] Drawing 9 is drawing explaining the phase of IPM of operation. 



[0154] When it is [ low-speed ]Uher rotation and allowances are in inv^R* output voltage, a current phase 
is changed in order of **_>**->** with the increment in torque. 

[0155] By the operating point of **_>**->**, a field weakening is performed by advancing [ inverter output 
voltage stops fully coming to pass a current ] a phase, if, and torque is further generated by high-speed being 
under rotation by making a current value increase. For example, since the operating point of **->** cannot 
be taken in the case of 70rps, the greatest torque which IPM has can be pulled out by controlling a current 
phase in order of **_>**->**. 

[0156] In a still more nearly high-speed field, the field where torque decreases conversely occurs in the field 
of under a current-limiting value by advancing a current phase (refer to right-hand side of ** of 120rps). In 
this field, since torque will decrease conversely if it is going to take out torque and a phase is advanced, 
maximum capacity of IPM cannot be demonstrated. 

[0157] Then, the maximum torque which IPM has can be pulled out that what is necessary is just to give the 
maximum current phase shown by **->** for every rotational frequency so that this field may not enter. 
[0158] In addition, although the lower limit of a current phase is set up above on the maximum torque line, it 
is possible to set it as maximum-efficiency Rhine. However, since maximum efficiency is in nearly about 40 
degrees, the lower limit of a current phase can also be set as a straight line (constant), and a configuration 
can be simplified. 

[0159] Drawing 10 is the block diagram showing the embodiment of further others of the synchronous 
motor control device of this invention. 

[0160] The point that this synchronous motor control unit differs from the synchronous motor control unit of 
drawing 6 The point which contains further the minimum phase table 11 which considers the output torque 
from the torque presumption section 10 as an input, The point which adopts what outputs a maximum 
current phase as a maximum phase table 8 by considering the output torque and the detected rate from the 
torque presumption section 10 as an input, It replaces with the phase limit section 9. The maximum current 
phase from the maximum phase table 8, A current phase is computed by considering the 
electrical-potential-difference command from the minimum current phase and the current control section 7 
from the minimum phase table 1 1 as an input. They are only the point which adopts phase calculation 
section 9' outputted as a phase command, the point which adopted what outputs a current amplitude 
command as the speed-control section 5, and the point which adopted what outputs a current command as 
the phase control section 6. 

[0161] Since said minimum phase table 11 holds the torque-minimum current phase curve that the minimum 
current phase should be outputted, it outputs the corresponding minimum current phase by giving torque. 
Specifically, the torque-minimum current phase curve expressed with **_>**_>** of drawing 9 is held. 
However, constant value can also be substituted. 

[0162] Said maximum phase table 8 holds the maximum current phase by current limiting, and the 
maximum current phase for every rotational frequency under electrical-potential-difference constraint, and 
outputs the maximum current phase of the smaller one suitably by giving torque. Specifically, the maximum 
current phase by current limiting expressed with **->**_>** of drawing 9 and the maximum current phase 
for every rotational frequency under the electrical-potential-difference constraint expressed with **_>** are 
held. 

[0163] Said phase calculation section 9' carries out late phase control of the phase command, when the 
electrical-potential-difference command has not reached the maximum electrical potential difference, and 
when the maximum electrical potential difference is reached, it carries out phase leading control of the phase 
command. And as a result of late phase control, when it becomes the minimum current phase from the 
minimum phase table 11, late phase control is stopped and the minimum current phase from the minimum 
phase table 11 is considered as a phase command. On the contrary, as a result of phase leading control, when 
it becomes a maximum current phase from the maximum phase table 8, phase leading control is stopped and 
the maximum current phase from the maximum phase table 8 is considered as a phase command. 
[0164] Therefore, the maximum current phase from the maximum phase table 8 and the minimum current 
phase from the minimum phase table 1 1 are supplied to phase calculation section 9' by presuming an output 
torque and supplying the maximum phase minimum phase table 8 and 1 1 by the torque presumption section 
10, in this case, based on a current command. 

[0165] In this phase calculation section 9', corresponding to whether the electrical-potential-difference 
command has reached between the maximum current phase and the minimum current phase at the maximum 
electrical potential difference, phase leading control or late phase control is performed, and a phase 



command is outputted. 

[0166] And based on the phase command outputted, the same operation as the synchronous motor control 
unit of drawing 6 R> 6 can be attained. 

[0167] Consequently, a current phase can be set as the value between a maximum current phase and the 
minimum current phase, and a synchronous motor can be controlled. 

[0168] Drawing 11 is the block diagram showing the embodiment of further others of the synchronous 
motor control device of this invention. 

[0169] The point that this synchronous motor control unit differs from the synchronous motor control unit of 
drawing 10 The point which adopts what outputs a maximum current phase by considering only the rate 
detected as a maximum phase table 8 as an input, As phase calculation section 9', and the maximum current 
phase from the maximum phase table 8, It is only the point which adopts what computes a current phase by 
considering the current command from the minimum current phase from the minimum phase table 11, and 
the phase control section 6, and the electrical-potential-difference command from the current control section 
7 as an input, and is outputted as a phase command. 

[0170] Said maximum phase table 8 holds only the maximum current phase for every rotational frequency 
under electrical-potential-difference constraint. 

[0171] Said phase calculation section 9' performs late phase control at the time of a limit of the current phase 
by the maximum current phase, and also attains the same operation as phase calculation section 9' of 
drawing 10 . 

[0172] Therefore, also in this case, a current phase can be set as the value between a maximum current phase 
and the minimum current phase, and a synchronous motor can be controlled. 

[0173] It is desirable to drive the compressor for air conditioners by the synchronous motor controlled by 
which the aforementioned synchronous motor control unit. 

[0174] In this case, with a refrigerant, a synchronous motor is cooled and, moreover, remarkable high 
cooling effectiveness can be attained. Therefore, the limitation of the capacity of a synchronous motor can 
be pulled out, without taking into consideration especially heat dissipation of a synchronous motor. 
[0175] Moreover, when driving the compressor for air conditioners by IPM, it is desirable to set the upper 
limit of a current phase as 60 - 80 abbreviation. 

[0176] Drawing 12 is drawing showing the operation area of the compressor for air conditioners. 
[0177] In the compressor for air conditioners, operation by super-low ** and operation with a high-speed 
heavy load are unnecessary, and fixed torque is searched for at the other rotational frequency. For this 
reason, the maximum current limiting is not started at the time of low r.p.m. operation. Moreover, a 
maximum torque current phase is not started at the time of medium-speed rotation. 

[0178] Therefore, by setting the upper limit of a current phase as the maximum torque current phase near a 
maximum engine speed, the maximum capacity of IPM can be pulled out and the compressor for air 
conditioners can be operated. 

[0179] Drawing 13 is the block diagram showing the embodiment of further others of the synchronous 
motor control device of this invention. 

[0180] The points that this synchronous-motor control unit differs from the synchronous-motor control unit 
of drawing 11 are only the point which adopted what has further the function which outputs the command 
which makes a rate hang a condition [ having arrive at the current limitation and the phase limitation as 
phase calculation section 9' ], and the point which contain further the subtraction section 5 a which subtracts 
a rate suspension command from the rate command give from the outside, and supplies to the speed-control 
section 5. 

[0181] In this case, a rate suspension command can be outputted from phase calculation section 9' a 
condition [ having arrived at the current limitation and the phase limitation ], and a rate command can be 
decreased by subtraction section 5a. 

[0182] And based on the decreased rate command, the same operation as the synchronous motor control unit 
of drawing 11 can be attained. 

[0183] Consequently, a synchronous motor is driven to a current limitation and below a phase limitation, 
and emission of a control system can be prevented. 
[0184] Furthermore, it explains. 

[0185] When not performing rate suspension control at all, if a current limitation and a phase limitation are 
arrived at and a current and a phase are only restricted only for a moment, a synchronous motor may be able 
to be driven that there is nothing inconvenient in any way. However, regularly, if it is in a current and the 



situation that a phase is restrict^BR phase error and a current error will Wlfccumulated in the internal state 
of controllers, such as a PI control machine, and will produce un-arranging, such as emission of a PI control 
machine. Moreover, it produces un-arranging [ of originating in the ability of the business torque which a 
speed-control system requires not being generated, and also emitting the controller of a speed-control 
system ]. 

[0186] However, if the synchronous motor control unit of drawing 13 is adopted, it can prevent beforehand 
that perform rate suspension control and a current and a phase are restricted, and emission of a controller can 
also be prevented. 

[0187] Drawing 14 is the block diagram showing the important section of the embodiment of further others 
of the synchronous motor control device of this invention. 

[0188] The speed-control section 5 which this synchronous motor control unit considers the difference of the 
rate command and detection rate which are given from the outside as an input, performs a PI control 
operation, and outputs a current amplitude command, The phase control section 6 which performs phase 
control by considering a current amplitude command as an input, and outputs a current command, The 
current limiting section 23 which performs current limiting by considering a current command as an input, 
and the current control section 7 which performs a PI control operation by considering the difference of the 
current command from the current limiting section 23, and a motor current as an input, and outputs an 
electrical-potential-difference command, The n on interfering section 25 which performs noninterfering 
processing by considering this electrical-potential-difference command as an input, and outputs d shaft 
electrical-potential-difference command and q shaft electrical-potential-difference command, The d-q-> 
three-phase-circuit transducer 26 changed into a three-phase-circuit electrical-potential-difference command 
based on the Rota location by considering d shaft electrical-potential-difference command and q shaft 
electrical-potential-difference command as an input, The dead-time compensation section 27 which 
performs dead-time compensation by considering a three-phase-circuit electrical-potential-difference 
command as an input, The duty limit section 28 which performs a duty limit by considering the 
three-phase-circuit electrical-potential-difference command after dead-time compensation as an input, and 
outputs a three-phase-circuit electrical-potential-difference command, The inverter 2 which makes a control 
signal the three-phase-circuit electrical-potential-difference command from the duty limit section 28, 
generates three-phase-circuit alternating voltage, and is impressed to a synchronous motor 3, 
Electrical-potential-difference detecting-element 3b which detects an electrical potential difference based on 
the Rota location by considering the three-phase-circuit electrical-potential-difference command from the 
duty limit section 28 as an input, The location and the speed detector 4 which presumes the Rota location 
and a rate based on the motor model set up beforehand are included by considering as an input current 
detecting-element 3a which detects a motor current based on the Rota location, and the electrical potential 
difference and motor current which were detected. 

[0189] The multiplication of the constant K2 will be carried out by the constant K2 section 34, and said duty 
limit section 28 will output an electrical-potential-difference exaggerated value that the phase control section 
6 should be supplied as a phase leading command, if the output voltage of an inverter 2 reaches a limitation. 
[0190] A current command judges whether it is beyond a current limitation, and said current limiting 23 
answers that the current command beyond a current limitation was supplied, it reduces current values to a 
current limitation, with the phase of a current command held, and outputs I term limit command that the 
internal-state integral term (I term is called hereafter) of the speed-control section 5 should moreover be 
fixed to the value before a current command reaches an upper limit. 

[0191] Said phase control section 6 will stop phase leading, if it answers that the phase leading command 
was supplied, phase leading control of the current phase is carried out and a current phase reaches an upper 
limit, and it outputs I term limit command that the internal-state I term of the speed-control section 5 should 
be fixed to the value before a current phase reaches an upper limit. 

[0192] Drawing 15 is the block diagram showing the configuration of the phase control section in a detail. 
[0193] Phase control section 22a which answers that the phase leading command is not supplied, performs 
late phase control, and outputs a phase command while performing phase leading control based on a phase 
leading command, While detecting phase minimum section 22b by which a phase command detects having 
reached the phase lower limit, and supplies a late phase control halt command to phase control section 22a, 
and that the phase command reached the phase upper limit and supplying a phase leading control halt 
command to phase control section 22a 22d of the cos sections which obtain phase upper limit section 22c 
which outputs I term limit command, and the cos component of a phase command, It has the 22g of the 2nd 



multiplication sections which cmtf out the multiplication of the 22f of th^nst multiplication sections which 

carry out the multiplication of sin section 22e which obtains the sin component of a phase command, and a 

cos component and a current amplitude command, and output q shaft current command, and a sin 

component and a current amplitude command, and output d shaft current command. 

[0194] The operation of the synchronous motor control unit of the above-mentioned configuration is as 

follows. 

[0195] Speed control, phase control, current control, etc. are performed until the output voltage of an 
inverter 2 reaches a limitation with the increment in an engine speed of a synchronous motor 3, an inverter 2 
is controlled, and the engine speed of a synchronous motor 3 is made to increase. 

[0196] And since a phase leading command is supplied to the phase control section 6 from the duty limit 
section 28 when the output voltage of an inverter 2 reaches a limitation with the increment in an engine 
speed of a synchronous motor 3, phase leading control is performed in the phase control section 6, and a 
current phase is advanced. 

[0197] When a current phase reaches an upper limit, while outputting a phase leading control halt command 
from phase upper limit section 22c and stopping phase leading control, I term limit command is outputted 
and I term (integral term) is fixed to a value just before a current phase reaches an upper limit among the 
internal states in the speed-control section 5. 

[0198] Moreover, when a current command becomes beyond a current limitation, while reducing current 
values to a current limitation in the current limiting section 23, with a current phase held, I term limit 
command is outputted and I term is fixed to a value just before a current value reaches a current limitation 
among the internal states in the speed-control section 5. 

[0199] Consequently, emission of the speed-control section can be prevented and stable control of a 
synchronous motor can be realized. 

[0200] Drawing 16 is the block diagram showing the important section of the embodiment of further others 
of the synchronous motor control device of this invention. 

[0201] The point that this synchronous motor control unit differs from the synchronous motor control unit of 
drawing 13 The point which adopts what detects the Rota location and a rate, using a motor model as a 
location and a speed detector 4, The point which adopts multiplication section 12a which outputs the current 
command which should replace with the phase control section 6, should carry out the multiplication of the 
wave generating section 12, and the current command and the wave pattern which generates the wave 
pattern which superimposed the harmonic component of arbitration according to the Rota location, and 
should be supplied to the current control section 7, And it is only the point which contains further the 
voltage limiter 13 which clips the electrical-potential-difference command from the current control section 7 
on an inverter output marginal electrical potential difference. 

[0202] If it is this synchronous motor control unit, since the wave pattern with which the wave generating 
section 12 superimposed the harmonic component of arbitration according to the Rota location will be 
outputted, an electrical-potential-difference command is outputted by superimposing on a current command 
and supplying the current control section 7. 

[0203] If this electrical-potential-difference command is below an inverter output marginal electrical 
potential difference, an inverter 3 can be supplied as it is, but if larger than an inverter output marginal" 
electrical potential difference, it will clip on an inverter output marginal electrical potential difference by the 
voltage limiter 13, and an inverter 3 will be supplied. 

[0204] And if an electrical-potential-difference command clips, even if output voltage approaches a square 
wave and is the same output marginal electrical potential difference, a fundamental-wave component can be 
enlarged, and high-speed rotation can be enabled. MEKANOIZU becomes large rather than a motor noise, 
and silence of a motor stops having semantics not much in such a high-speed region. 

[0205] In this embodiment, in order to bring a voltage waveform close to a square wave, it is also possible to 
give the property which carries out asymptotic to an output marginal electrical potential difference. 
Moreover, even if it is waves other than a square wave, the same operation can be attained by adopting a 
wave with a high electrical-potential-difference utilization factor. 

[0206] Furthermore, since the harmonic component of arbitration can be superimposed and it can consider 
as a free wave, silence etc. can be attained in a low-speed area (refer to Institute of Electrical Engineers of 
Japan industrial application section national conference in Heisei 7 besides the current wave form 
optimization technology in a brushless DC motor", and a spline by butterfly). Here, if this wave is set as a 
sine wave, since a harmonic component will become only a fundamental wave, the noise and vibration by 



the higher harmonic can be suppHised easily. 

[0207] Among drawing 17 , (A) is drawing showing the condition of having set the 

electrical-potential-difference command below to the inverter output marginal electrical potential difference, 
and the fundamental-wave component has also become below an inverter output marginal electrical 
potential difference. 

[0208] On the other hand, among drawing 17 , (B) is drawing showing the condition of having set up the 
electrical-potential-difference command more greatly than an inverter output marginal electrical potential 
difference, and is taken as the output voltage wave near a square wave by clipping an 

electrical-potential-difference command by the voltage limiter 13. Consequently, as compared with the case 
of (A), a fundamental-wave component can be enlarged among drawing 17 . 

[0209] In addition, among drawing 17 , although both (A) and (B) show the case of single phase for 
simplification of explanation, they can be expressed similarly [ in the case of a three phase circuit ]. 
[0210] Drawing 18 is drawing showing the observation result {(A) Reference} of the operating range by the 
synchronous motor control unit of drawing 16 , and the simulation result {refer to [ of the operating range by 
(B) reference} and the synchronous motor control unit which does not use a voltage limiter / simulation 
result { (C) ] } of the operating range by the synchronous motor control unit of drawing 16 . 
[0211] An operating range is expandable to a high-speed side by preparing a voltage limiter so that drawing 
18 may show. 

[0212] A compressor can be driven by the synchronous motor controlled by the synchronous motor control 
unit of drawing 16 from drawing 13 . 

[0213] Generally, although a compressor needs to pose a problem and the noise and vibration moreover 
need to drive it to a high speed, while being able to reduce the noise and vibration by adopting the 
synchronous motor control unit of drawing 16 from drawing 13 , it can drive to a high speed. 
[0214] Drawing 19 is the block diagram showing the important section of the embodiment of further others 
of the synchronous motor control device of this invention. 

[0215] The speed-control section 5 which this synchronous motor control unit considers the difference of the 
rate command and detection rate which are given from the outside as an input, performs a PI control 
operation, and outputs a current amplitude command, While performing phase control by considering a 
current amplitude command as an input and outputting a current command (d shaft current command and q 
shaft current command) The phase control section 6 which outputs a phase exaggerated value (exaggerated 
value on the basis of a marginal phase), The current control section 7 which performs a PI control operation 
by considering the difference of a current command and a motor current as an input, and outputs an 
electrical-potential-difference command (d shaft electrical-potential-difference command and q shaft 
electrical-potential-difference command), The electrical-potential-difference excess detector 35 which 
detects an electrical-potential-difference excess condition by considering this electrical-potential-difference 
command as an input, The d-q-> three-phase-circuit transducer 26 changed into a three-phase-circuit 
electrical-potential-difference command based on the Rota location by considering d shaft 
electrical-potential-difference command and q shaft electrical-potential-difference command as an input, 
The duty limit section 28 which performs a duty limit by considering a three-phase-circuit 
electrical-potential-difference command as an input, and outputs a three-phase-circuit 

electrical-potential-difference command, The inverter 2 which makes a control signal the three-phase-circuit 
electrical-potential-difference command from the duty limit section 28, generates three-phase-circuit 
alternating voltage, and is impressed to a synchronous motor 3, Electrical-potential-difference 
detecting-element 3b which detects an electrical potential difference based on the Rota location by 
considering the three-phase-circuit electrical-potential-difference command from the duty limit section 28 as 
an input, Current detecting-element 3a which detects a motor current based on the Rota location, and 
location detecting-element 33' which presumes the Rota location and a rate by considering the electrical 
potential difference and motor current which were detected as an input are included. 

[0216] In order to **** to a transitional high current as said duty limit section 28 and to prevent emission of 
the current control section 7, it is possible to answer to have performed the duty limit, and to constitute so 
that I term limit command may be outputted that the internal-state I term of the current control section 7 
should be fixed to the value before an electrical-potential-difference command reaches an upper limit. 
[0217] Said phase control section 6 also outputs a phase exaggerated value (exaggerated value on the basis 
of a marginal phase), and decreases the rate command given from the outside by supplying the value in 
which multiplication was earned out by the constant K3 section 36 in the constant K3 to the subtraction 



section 37. Therefore, when a coBInt phase exceeds a marginal phase b]^^ a se leading control, the 
multiplication of the constant K3 can be earned out to a phase exaggerated value, it can be made to be able 
to subtract from a rate command, and emission of a control system can be prevented. 
[0218] In the synchronous motor control unit of the above-mentioned configuration, based on the speed 
difference, speed control 21 generates a current amplitude command, by the phase control section 6, phase 
control is performed and a current command is generated. 

[0219] And based on the difference of the current command from the phase control section 6, and the 
detected motor current, an electrical-potential-difference command is generated and motor output voltage is 
controlled by the current control section 7. 

[0220] If rotational speed increases, motor induced voltage rises and an inverter output marginal electrical 
potential difference is reached, an inverter 2 cannot output completely the electrical-potential-difference 
command which the current control section 7 outputs, but output voltage will be clamped for duty exceeding 
100% at the peak of output voltage. 

[0221] However, when only the peak of output voltage is clamped and duty does not exceed 100%, 

armature-voltage control is possible. Even if it does not emit the current control section 7 immediately and 

output voltage consists square wave-like of this, current control can be performed on the average. 

[0222] Consequently, the amplitude of inverter output voltage becomes large, and a motor current is 

controllable even if it is the case where an electrical-potential-difference clamp takes place. 

[0223] The conventional synchronous motor control unit is shown in drawing 20 that it should contrast with 

the synchronous motor control unit of drawing 19 . 

[0224] Converter la which the synchronous motor control device of drawing 20 considers AC power supply 
1 as an input, and outputs direct current power, The inverter 2 which outputs alternating current power by 
considering direct current power as an input, and is supplied to a synchronous motor 3, Current 
detecting-element 3a which detects a motor current, and electrical-potential-difference detecting-element 3b 
which detects a motor electrical potential difference, The location and the speed detector 4 which detects the 
Rota location and a rate by considering a motor current and a motor electrical potential difference as an 
input, The rate command given from the outside, and the speed-control section 5 which controls the speed 
by considering the Rota location from a location and a speed detector 4, and a rate as an input, and outputs a 
current command or an electrical-potential-difference command, The current control section 7 which 
performs current control by considering the current command from the speed-control section 5, and a motor 
current as an input, and outputs an electrical -potential-difference command, While clipping on an inverter 
output marginal electrical potential difference by considering as an input the electrical-potential-difference 
command chosen by the selection section 15 which chooses the electrical-potential-difference command 
from the speed-control section 5, or the electrical-potential-difference command from the current control 
section 7, and the selection section 15 A change-over judging is performed by considering a voltage 
saturation signal as an input with the voltage limiter 13 which outputs a voltage saturation signal, and the 
change-over judging section 14 which supplies a change-over signal to the speed-control section 5 and the 
selection section 15 is included. 

[0225] in this synchronous motor control device, while having a current control loop, until [ inverter output 
voltage full ] use is carried out, in performing control to which an electrical-potential-difference clamp takes 
place, actuation of a current control minor loop is stopped at the time of an electrical-potential-difference 
clamp, and armature-voltage control is performed. 

[0226] Therefore, a motor current cannot be controlled when an electrical-potential-difference clamp takes 
place. Consequently, when a current increases according to disturbance etc. at the time of an 
electrical-potential-difference clamp, current control cannot be performed but un-arranging [ that a 
synchronous motor and an inverter will be destroyed ] arises. 

[0227] As by contrasting with the synchronous motor control unit of drawing 20 shows, even if it is the case 
where a current increases according to disturbance etc. by adopting the synchronous motor control unit of 
drawing 19 at the time of an electrical-potential-difference clamp, current control can be performed and 
destruction of a synchronous motor or an inverter can be prevented. 

[0228] Drawing 21 is the block diagram showing the important section of the embodiment of further others 
of the synchronous motor control device of this invention. 

[0229] The speed-control section 5 which this synchronous motor control unit considers the difference of the 
rate command and detection rate which are given from the outside as an input, performs a PI control 
operation, and outputs a current amplitude command, The phase control section 6 which performs phase 



control by considering a currenMBhplitude command as an input, and ou^Tts a current command, The 
current excess detector 38 which detects a current excess condition by considering a current command as an 
input, and outputs a current exaggerated value, The current limiting 23 which restricts a current when it 
corresponds considering the current command from the current excess detector 38 as an input, The current 
control section 7 which performs a PI control operation by considering the difference of the current 
command from the current limiting section 23, and a motor current as an input, and outputs an 
electrical-potential-difference command, The n on interfering section 25 which performs noninterfering 
processing by considering this electrical-potential-difference command as an input, and outputs d shaft 
electrical-potential-difference command and q shaft electrical-potential-difference command, The 
electrical-potential-difference excess detector 35 which detects an electrical-potential-difference excess 
condition by considering d shaft electrical-potential-difference command and q shaft 
electrical-potential-difference command as an input, and outputs an electrical-potential-difference 
exaggerated value, The overmodulation gain amendment section 39 which performs amendment based on 
overmodulation gain by considering d shaft electrical-potential-difference command from the 
electrical-potential-difference excess detector 35, and q shaft electrical-potential-difference command as an 
input, The d-q-> three-phase-circuit transducer 26 changed into a three-phase-circuit 
electrical-potential-difference command based on the Rota location by considering d shaft 
electrical-potential-difference command from the overmodulation gain amendment section 39, and q shaft 
electrical-potential-difference command as an input, The dead-time compensation section 27 which 
performs dead-time compensation. by considering a three-phase -circuit electrical-potential-difference 
command as an input, The duty limit section 28 which performs a duty limit by considering the 
three-phase-circuit electrical-potential -difference command after dead-time compensation as an input, and 
outputs a three-phase-circuit electrical -potential-difference command, The inverter 2 which makes a control 
signal the three-phase-circuit electrical-potential-difference command from the duty limit section 28, 
generates three-phase-circuit alternating voltage, and is impressed to a synchronous motor 3, 
Electrical-potential-difference detecting-element 3b which detects an electrical potential difference based on 
the Rota location by considering the three-phase-circuit electrical-potential-difference command from the 
duty limit section 28 as an input, The location and the speed detector 4 which presumes the Rota location 
and a rate based on the motor model set up beforehand are included by considering as an input current 
detecting-element 3a which detects a motor current based on the Rota location, and the electrical potential 
difference and motor current which were detected. 

[0230] Said electrical-potential-difference excess detector 35 detects the degree (for example, phase voltage 
after the phase voltage command / clamp before a clamp) of an overmodulation, and the multiplication of 
the constant K2 is carried out by the constant K2 section 34, and it outputs an electrical-potential-difference 
exaggerated value that the phase control section 6 should be supplied as a phase leading command. 
[0231] A current command judges whether it is beyond a current limitation, and said current limiting 23 
answers that the current command beyond a current limitation was supplied, it reduces current values to a 
current limitation, with the phase of a current command held, and outputs I term limit command that the 
internal-state I term of the speed-control section 5 should moreover be fixed to the value before a current 
command reaches an upper limit. 

[0232] Said duty limit section 28 outputs I term limit command that it should fix to the value before it 

answers that duty was restricted (for example, thing which duty attained to 100%) and an electrical potential 

difference reaches an upper limit in the internal-state I term of the current control section 7. 

[0233] Said phase control section 6 will stop phase leading, if it answers that the phase leading command 

was supplied, phase leading control of the current phase is carried out and a current phase reaches an upper 

limit, and the multiplication of the constant K3 is carried out by the constant K3 section 36, and it outputs a 

phase exaggerated value that the subtraction section 37 should be supplied as a moderation command. 

Specifically, the configuration shown in drawing 15 constitutes the phase control section 6. 

[0234] It answers having detected the current excess condition, the multiplication of the constant Kl is 

carried out by the constant Kl section 40, and said current excess detector 38 outputs a current exaggerated 

value that the subtraction section 37 should be supplied as a moderation command. 

[0235] When the synchronous motor control unit of this configuration is adopted In while performing speed 
control by the speed-control section 5, phase control by the phase control section 6, and current control by 
the current control section 7, controlling an inverter 2 and driving the synchronous motor 3 Since an 
electrical-potential-difference command is clamped when the electrical-potential-difference command 



exceeding an inverter output m^^nal electrical potential difference is sullied to the duty limit section 28, 
the electrical-potential-difference command outputted falls. However, in this synchronous motor control unit, 
reduction of the torque which can compensate the fall of an electrical-potential-difference command, as a 
result originates in the fall of an electrical-potential-difference command by the overmodulation gain 
amendment section 39 since a voltage swing is amplified that the fall of the electrical-potential-difference 
command by the clamp should be compensated can be compensated. 

[0236] When the output wave for example, before a clamp is a sine wave, the electrical-potential-difference 
correction factor in said overmodulation gain amendment section 39 is set up as shown in drawing 22 . For 
example, although an electrical-potential-difference correction factor may be given as a table, the formula 
showing an electrical-potential-difference correction factor may be given. 

[0237] Therefore, the electrical-potential-difference command after amendment can be obtained by choosing 
an electrical-potential-difference correction factor according to a command electrical potential difference, 
and carrying out multiplication to a command electrical potential difference. 

[0238] In addition, in the case of single phase, the electrical-potential-difference correction factor shown in 
drawing 22 corresponds, and is obtained by plotting the ratio of the fundamental wave of a command 
electrical potential difference, and the fundamental wave after a clamp. Of course, it is easily computable 
similarly about the case of a three phase circuit. 

[0239] Drawing 23 is the block diagram showing the important section of the embodiment of further others 
of the synchronous motor control device of this invention. 

[0240] The point that this synchronous motor control unit differs from the synchronous motor control unit of 
drawing 21 is only a point which adopted location detecting-element 33' which replaces with the point of 
having omitted the noninterfering section 25, the overmodulation gain amendment section 39, and the 
dead-time compensation section 27, and the observer section 33, and detects the Rota location and a rate by 
considering a motor current and a motor electrical potential difference as an input. 

[0241] When the synchronous motor control unit of this configuration is adopted, while performing speed 
control by the speed-control section 5, phase control by the phase control section 6, and current control by 
the current control section 7, controlling an inverter 2 and driving the synchronous motor 3, with the 
electrical-potential-difference excess detector 35, the degree of an overmodulation is detected and it feeds 
back to the phase control section 6 through the constant K2 section 34. 

[0242] And in the phase control section 6, when the degree of an overmodulation is lower than a 
predetermined value, a current phase is delayed. Finally it is ordered desired current phases, such as a 
current phase corresponding to the maximum effectiveness, the maximum torque, etc. Conversely, the 
degree of an overmodulation can be made into a desired value by advancing a current phase, when the 
degree of an overmodulation is beyond a predetermined value, lowering motor induced voltage by 
field-weaking control, and lowering the degree of an overmodulation. 

[0243] Moreover, it is desirable to adopt IPM as a synchronous motor controlled by drawing 19 , drawing 
21 , or the synchronous motor control unit of drawing 23 . In this case, the inductance of IPM is large and 
field-weaking control can be performed effectively. 

[0244] Furthermore, it is desirable to drive a compressor by the synchronous motor controlled by drawing 
19 , drawing 21 , or the synchronous motor control unit of drawing 23 . 

[0245] In order to think effectiveness as important in a compressor from the former, there is a demand of 
wanting to use inverter output voltage to a limitation. For this reason, the synchronous motor was 
conventionally driven by armature-voltage control. 

[0246] Generally, in the compressor for the object for air conditioners, or refrigerators, rapid load increase 
takes place by inhalation of liquid cooling intermediation etc. And if current control is omitted at this time, 
the danger that a synchronous motor and an inverter will be damaged by the excessive current is high. In 
order to cancel such un-arranging, protection by hardware is performed conventionally, but in this case, a 
compressor stops completely at the time of an overcurrent, a reboot takes time amount, and since 
temperature control etc. is impossible in the meantime, the amenity etc. will be spoiled. 
[0247] However, if the synchronous motor control unit of drawing 23 is adopted, since a synchronous motor 
can be driven to a limitation using an inverter electrical potential difference, being able to perform current 
control, consequently preventing breakage of a synchronous motor and an inverter, also when above, the fall 
of the amenity by halt of a compressor etc. can be prevented beforehand. 
[0248] 

[Effect of the Invention] In order to advance a current phase in order that invention of claim 1 may pull up 



the maximum rotational speed, Wmo control a rate, when operating an el^rical-potential-difference phase 
or a current phase, If control near the maximum torque which can generate a synchronous motor can be 
performed, it can make the most of an electrical potential difference and a current while being able to 
prevent generating of a trip beforehand moreover, and it pulls The characteristic effectiveness that the 
maximum effectiveness by a miniaturization and the optimal tuning of a synchronous motor is realizable is 
done so. 

[0249] Invention of claim 2 can control a synchronous motor using the upper limit of the current phase set 
up for every rate. While being able to hold the current phase at the time of the field-weaking control at the 
time of a high speed below to a upper limit and being able to prevent generating of a trip beforehand 
moreover It can make the most of an electrical potential difference and a current, as a result the 
characteristic effectiveness that the miniaturization of a synchronous motor and the maximum effectiveness 
by the optimal tuning are realizable is done so. 

[0250] Invention of claim 3 does so the same effectiveness as claim 1 or claim 2. 

[0251] Invention of claim 4 can make the most of an electrical potential difference and a current, as a result 
does so the characteristic effectiveness that the miniaturization of a synchronous motor and the maximum 
effectiveness by the optimal tuning are realizable while it simplifies processing and can prevent generating 
of a trip beforehand. 

[0252] Invention of claim 5 can prevent a torque fall, moreover, can control a current phase to the maximum 
extent, it can make the most of an electrical potential difference and a current while it can moreover prevent 
generating of a trip beforehand, as a result it does so the characteristic effectiveness that the miniaturization 
of a synchronous motor and the maximum effectiveness by the optimal tuning are realizable. 
[0253] Invention of claim 6 can make the most of an electrical potential difference and a current, as a result 
does so the characteristic effectiveness that the miniaturization of a synchronous motor and the maximum 
effectiveness by the optimal tuning are realizable while it can prevent generating of a trip beforehand by 
restricting a current phase by the selected upper limit. 

[0254] Invention of claim 7 can control a current phase to the phase between a lower limit and a upper limit, 
and also does so the same effectiveness as any of claim 1 to claim 6 they are. 

[0255] Invention of claim 8 does so the same effectiveness as any of claim 1 to claim 7 they are, without 
being able to cool the synchronous motor to which generation of heat becomes large at the time of 
field-weaking control, and taking into consideration especially heat dissipation of a synchronous motor with 
a refrigerant. 

[0256] Invention of claim 9 can pull out the maximum capacity of a permanent magnet motor, can realize a 
good controllability, and, moreover, does so the same effectiveness as claim 8. 

[0257] Invention of claim 10 drives a permanent magnet motor to a current limitation and below a phase 
limitation, can prevent emission of a control system, it can make the most of an electrical potential 
difference and a current while it can moreover prevent generating of a trip beforehand, as a result it does so 
the characteristic effectiveness that the miniaturization of a synchronous motor and the maximum 
effectiveness by the optimal tuning are realizable. 

[0258] Invention of claim 11 can prevent emission of a speed-control system, it can make the most of an 
electrical potential difference and a current while it can moreover prevent generating of a trip beforehand, as 
a result it does so the characteristic effectiveness that the miniaturization of a synchronous motor and the 
maximum effectiveness by the optimal tuning are realizable. 

[0259] Invention of claim 12 can attain expansion of a high-speed operating range while being able to attain 
silence in a low-speed area by adjusting a voltage waveform suitably, and also it does so the same 
effectiveness as claim 10 or claim 11. 

[0260] Invention of claim 13 can control the noise by the higher harmonic, and vibration easily, and also 
does so the same effectiveness as claim 12. 

[0261] Invention of claim 14 can attain sufficient expansion of a high-speed operating range, and also does 
so the same effectiveness as claim 12 or claim 13. 

[0262] Invention of claim 15 can be driven to a high speed while it can reduce the noise and vibration, and 
also it does so the same effectiveness as any of claim 10 to claim 14 they are. 

[0263] Invention of claim 16 can control a motor current, also when a current increases according to 
disturbance etc. at the time of voltage limiting, it can make the most of an electrical potential difference and 
a current while it can moreover prevent generating of a trip beforehand, as a result it does so the 
characteristic effectiveness that the miniaturization of a synchronous motor and the maximum effectiveness 



by the optimal tuning are realizSR. 

[0264] Invention of claim 17 does so the same effectiveness as claim 16. 

[0265] Invention of claim 18 can continue holding the torque in front of current limiting, and also does so 
the same effectiveness as claim 16 or claim 17. 

[0266] Invention of claim 19 does so the same effectiveness as claim 18. 

[0267] Invention of claim 20 can prevent that the degree of an overmodulation becomes large too much, and 
also does so the same effectiveness as any of claim 16 to claim 19 they are. 

[0268] Invention of claim 21 can use a field weakening operation effectively, and also does so the same 
effectiveness as any of claim 9 to claim 20 they are. 

[0269] Even if invention of claim 22 is the case where rapid load increase takes place, it can prevent a 
synchronous motor and the overcurrent which brings about breakage of an inverter, and also it does so the 
same effectiveness as any of claim 16 to claim 21 they are. 

[0270] In order to advance a current phase in order that invention of claim 23 may pull up the maximum 
rotational speed, or to control a rate, when operating an electrical-potential-difference phase or a current 
phase, If control near the maximum torque which can generate a synchronous motor can be performed, it 
can make the most of an electrical potential difference and a current while being able to prevent generating 
of a trip beforehand moreover, and it pulls The characteristic effectiveness that the maximum effectiveness 
by a miniaturization and the optimal tuning of a synchronous motor is realizable is done so. 
[0271] Invention of claim 24 can control a synchronous motor using the upper limit of the current phase set 
, up for every rate. While being able to hold the current phase at the time of the field-weaking control at the 
time of a high speed below to a upper limit and being able to prevent generating of a trip beforehand 
moreover It can make the most of an electrical potential difference and a current, as a result the 
characteristic effectiveness that the miniaturization of a synchronous motor and the maximum effectiveness 
by the optimal tuning are realizable is done so. 

[0272] Invention of claim 25 does so the same effectiveness as claim 23 or claim 24. 

[0273] Invention of claim 26 can make the most of an electrical potential difference and a current, as a result 
does so the characteristic effectiveness that the miniaturization of a synchronous motor and the maximum 
effectiveness by the optimal tuning are realizable while it simplifies a configuration and can prevent 
generating of a trip beforehand. 

[0274] Invention of claim 27 can prevent a torque fall, moreover, can control a current phase to the 
maximum extent, it can make the most of an electrical potential difference and a current while it can 
moreover prevent generating of a trip beforehand, as a result it does so the characteristic effectiveness that 
the miniaturization of a synchronous motor and the maximum effectiveness by the optimal tuning are 
realizable. 

[0275] Invention of claim 28 can make the most of an electrical potential difference and a current, as a result 
does so the characteristic effectiveness that the miniaturization of a synchronous motor and the maximum 
effectiveness by the optimal tuning are realizable while it can prevent generating of a trip beforehand by 
restricting a current phase by the selected upper limit. 

[0276] Invention of claim 29 can control a current phase to the phase between a lower limit and a upper limit, 
and also does so the same effectiveness as any of claim 23 to claim 28 they are. 

[0277] Invention of claim 30 does so the same effectiveness as any of claim 23 to claim 29 they are, without 
being able to cool a synchronous motor and taking into consideration especially heat dissipation of a 
synchronous motor with a refrigerant. 

[0278] Invention of claim 31 can pull out the maximum capacity of a permanent magnet motor, can realize 
good operational characteristics, and, moreover, does so the same effectiveness as claim 30. 
[0279] Invention of claim 32 drives a permanent magnet motor to a current limitation and below a phase 
limitation, can prevent emission of a control system, it can make the most of an electrical potential 
difference and a current while it can moreover prevent generating of a trip beforehand, as a result it does so 
the characteristic effectiveness that the miniaturization of a synchronous motor and the maximum 
effectiveness by the optimal tuning are realizable. 

[0280] it is said that invention of claim 33 can make the most of an electrical potential difference and a 
current, as a result can realize miniaturization of a synchronous motor, and the maximum effectiveness by 
the optimal tuning while it can prevent emission of a speed-control system and can prevent generating of a 
trip beforehand — characteristic — or is done so like this. 

[0281] Invention of claim 34 can attain expansion of a high-speed operating range while being able to attain 



silence in a low-speed area by a^Rsting a voltage waveform suitably, ancralso it does so the same 
effectiveness as claim 32 or claim 33. 

[0282] Invention of claim 35 can control the noise by the higher harmonic, and vibration easily, and also 
does so the same effectiveness as claim 34. 

[0283] Invention of claim 36 can attain sufficient expansion of a high-speed operating range, and also does 
so the same effectiveness as claim 34 or claim 35. 

[0284] Invention of claim 37 can be driven to a high speed while it can reduce the noise and vibration, and 
also it does so the same effectiveness as any of claim 32 to claim 36 they are. 

[0285] Invention of claim 38 can control a motor current, also when a current increases according to 
disturbance etc. at the time of voltage limiting, it can make the most of an electrical potential difference and 
a current while it can moreover prevent generating of a trip beforehand, as a result it does so the 
characteristic effectiveness that the miniaturization of a synchronous motor and the maximum effectiveness 
by the optimal tuning are realizable. 

[0286] Invention of claim 39 does so the same effectiveness as claim 38. 

[0287] Invention of claim 40 can continue holding the torque in front of current limiting, and also does so 
the same effectiveness as claim 38 or claim 39. 

[0288] Invention of claim 41 does so the same effectiveness as claim 40. 

[0289] Invention of claim 42 can prevent that the degree of an overmodulation becomes large too much, and 
also does so the same effectiveness as any of claim 38 to claim 41 they are. 

[0290] Invention of claim 43 can use a field weakening operation effectively, and also does so the same 
effectiveness as any of claim 31 to claim 42 they are. 

[0291] Even if invention of claim 44 is the case where rapid load increase takes place, it can prevent a 
synchronous motor and the overcurrent which brings about breakage of an inverter, and also it does so the 
same effectiveness as any of claim 38 to claim 43 they are. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing one embodiment of the synchronous motor control device of 
this invention. 

[Drawing 2] It is drawing showing the current phase-torque characteristic of IPM at the time of a motor 
current clamp. 

[Drawing 31 It is drawing showing the current phase-torque characteristic at the time of a voltage clamp. 
[Drawing 41 It is the block diagram showing other embodiments of the synchronous motor control device of 
this invention. 

[Drawing 51 It is the block diagram showing the embodiment of further others of the synchronous motor 
control device of this invention. 

[Drawing 61 It is the block diagram showing the embodiment of further others of the synchronous motor 
control device of this invention. 

[Drawing 71 It is the block diagram showing the embodiment of further others of the synchronous motor 
control device of this invention. 

[Drawing 81 It is drawing showing an electrical potential difference and the torque-current phase 
characteristic at the time of current limiting. 

[Drawing 91 It is drawing explaining the phase of IPM of operation. 



fDrawing 101 It is the block diagWm showing the embodiment of furthe^Thers of the synchronous motor 
control device of this invention. 

[Drawing 1.11 It is the block diagram showing the embodiment of further others of the synchronous motor 
control device of this invention. 

[Drawing 121 It is drawing showing the operation area of the compressor for air conditioners. 

["Drawing 131 It is the block diagram showing the embodiment of further others of the synchronous motor 

control device of this invention. 

fDrawing 141 It is the block diagram showing the important section of the embodiment of further others of 
the synchronous motor control device of this invention. 

fDrawing 151 It is the block diagram showing the configuration of the phase control section in a detail. 
f Drawing 161 It is the block diagram showing the important section of the embodiment of further others of 
the synchronous motor control device of this invention. 

fDrawing 171 They are drawing showing the condition of having set the electrical-potential-difference 
command below to the inverter output marginal electrical potential difference, and drawing showing the 
condition of having set up the electrical-potential-difference command more greatly than an inverter output 
marginal electrical potential difference. 

fDrawing 181 It is drawing showing the observation result of the operating range by the synchronous motor 
control unit of drawing 16 , the simulation result of the operating range by the synchronous motor control 
unit of drawing 16 , and the simulation result of the operating range by the synchronous motor control unit 
which does not use a voltage limiter. 

fDrawing 191 It is the block diagram showing the important section of the embodiment of further others of 
the synchronous motor control device of this invention. 

fDrawing 201 It is the block diagram showing the conventional synchronous motor control device. 
[Drawing 211 It is the block diagram showing the important section of the embodiment of further others of 
the synchronous motor control device of this invention. 

fDrawing 221 It is drawing showing an example of the electrical-potential-difference correction 
factor-command voltage characteristic. 

fDrawing 231 It is the block diagram showing the important section of the embodiment of further others of 

the synchronous motor control device of this invention. 

[Description of Notations] 

2 Inverter 3 Synchronous Motor 

5 Speed-Control Section 5a Subtraction Section 

6 Phase Control Section 7 Current Control Section 

8 The Maximum Phase Table 8* The Maximum Phase Attaching Part 

9 Phase Limit Section 9' Phase Calculation Section 

11 Minimum Phase Table 12 Wave Generating Section 
12a Multiplication section 13 Voltage limiter 

35 Electrical-Potential-Difference Excess Detector 39 Overmodulation Gain Amendment Section 
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2 4, 7 f;: £ r)f££$n£±l$M{I 

a**tr214:*W«i:"rSH« ; E-^«1i»S«. 
[»*S2 9] IWE< >/t-**lll#« (6) (7) 

(8) (9' ) (11) H «atffiffl<7>TIK«fi£* 

* (2) £tt$PT£fc(0T&5M3Rig2 3*>SM3fcJ«2 

[B»*JH3 0] fllJEHW^E-^ (3) 14, ^^?P1S 
fflffit8«&K»'rst)C0T»-5HI**2 3^6»**2 

9 <D\nft^zmm<Dmm^-$M'mmm.o 

M*53 1] mIf2F]^^-^ (3) tt*^«5^E- 

mo v WE-f >A-^aifa (6) (7) (8) 

(9) t4, B8Kffi4B0±IBtt&ll8 6 Qm\ZWLfe 

t^h<Dx^^m^m3 o tE«ora«!^:-^tt»* 

So 

[18*^3 2] <>A-* (2) <Z)&^SI££*^\BS 
EME*©J«atffoT>f >/t— ^ (2) <Z)ffi*f|EE^I8 

mftm \znsmsi&. izm Ltzzt izj&& l 
Ta*sT«HB*fTa^ >/t-*fw«i^& (5) (5 

a) (6) (7) (8) (9 ' ) (10) (11) (1 

3) **trnfct»«fr*n« ; E-^«»««. 

[W*JB3 3] OA-* (2) 01±l^m/±^*Xm 
H*:-* \zm$?Z> Z. h1tZ<kD 7l(MHt-^ ^©JfPT 
5HJW*-*«»§BBk:*^T, 

BteR<0«JraK#^T-r >A*-* (2) <Offl*«BE**H 
SKttfilBftB fe L < l4S»Elfi#«k:5g IfcCi ^JSg b 

tiRMWfs (5) onffi«tt«niiLfl[iiijtiKfma>tt 

>A-**1W#R (5) (6) (7) 

(8) (9) (i3) ftdtt^iftttfct-rawjw*- 

[«#«3 4] MEOA-*M»?8 (5) (7) 
(12) (12a) ( 1 3) -f>A'-*tti:*j«/£# 

(2) 3&^6Bfa©«Ejft»*niAL, -ort-ftoiin 

^ (2) ^6©mA«JEtt»«r«ffifflffl*©3«^ffl*« 
EttCifi0^t^t)(?)T$.?)i*S3 2 *fettW*Jg3 

3 tE«ora»B^-^»JW«B 0 

[»*«3 5] (WE-f >rt—9mmm» (5) (7) 

(12) (12 a) (i 3) ti, mtmm<Dmj£mM£ 

[i*13 6] mE<>/l-*ffl»#MBr (5) (7) 



m 
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(12) (12 a) (13) H *&e«EEfiJJH*<0«^ 

3 4 3 5 CIBWoRlffi^-^WWftB. 

-5 t)C0T*^>P*iS3 2^6M$9 3 6 0>ftm*>K:E* 

[W#9i3 8] *>/t-* (2) (^m^SEE^Ifl^^ 
-37 (3) t^jte-rsc^JctORIW^-^ (3) $fM 

Sr. *-^l»S:*H9t'«<>M-# (2) $ffi» 
"TS-f >A— **HB*« (6) (7) (3 5) (3 9) 

tli»*«3 9] MB* (6) (7) 

(35) (39) miB^-^maE^iww*, ^e-^ 
[i*«4oi tte-f >A-^«iw^e (6) (3 

5) (3 9) fcJU WE«JE«EtfiHT* h)V2<nW> 
€r««'T'«>f >A-^ (2) BI«t5fe<0t*5ll 
3 8 $fcW:g»#9l 3 9 l:GlOR»%-»MM 

So 

[»*JB4 1] ME* >/t-^«»?a (6) (3 
5) (3 9) tt, MEl-;i/*<B«^<B*flt£, S/£*JPM 

dtm;0fT^ : b^-e^^IB*3l4 0 fcfB®c7)^]»3-=E:- 

[Sl*«4 2] ME-OA-^Mifg! (6) (3 
5) tt, 3a*H<OKft^3^3fie<Oi[*ia7LfcCt^*« 

[«*B4 3] SMBHSSt-^ (3) tt. El (Escort 

[IS*JH4 4] fflEHail^-* (3) ttEEI8««rEKi 
■T*t)©T»«>lll*3B3 8 4 3<Df5in^trfe 

[0 0 0 1] 
[0 0 0 2] 
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[ooo3] fit, ccD^vumm^-^mmmmt 

IT, (1) a*H*ff 5 ttfe't, SEHS^J:^ 
(7), (2) iSXWSrfTJb-r, ««E»]»*J:««*(6[ffi« 
(3) «BEM»t««lW»i:ft«0#*T>f>/1-^* 

io ^t— ^sftjw-rsfeo^jfjssnTi^. (4) 

fe©t)ii$nxi^ 0 ffi-¥8 - 3 2 2 2 7 

[0 0 0 4] 

[f8M#Ml«t5tt5IIB] MfB (1) co^ffl^E- 

[0005] nata (2) (Dwim^-^mmmm^mmL 

[0 0 0 6] mjf2 (3) ©.Riai^E— ^iB«l|S«*«ffllL/ 
tzM&lZ\Z, WQ^JUzfoCT (1) (OR^^-^^lfP 

5» mm%mmLrzms<D^&, (2) ©rajw^-^fflffl 

[0 0 0 7] mite (4) oiqffl'E-^MfllttllftSffiL 
[0 0 0 8] Elffl^-**** NJUi7S«*Tr#*«lB 

[0009] s^nsiiB-rs. 
50 [ooi o] mm*-?<D®m$:fto\zmtz 
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fr-5 CtliffStlf, tff^i«l:MS:fiffcti:57- 
[0 0 11] -f >A*-^tB*«ffi3&^-^»Ea 

[0 0 12] £ bK, *ffl*«£E*«HJMt£* 
[0 0 13] 

**Kl:Sfflt5ct*TS, La>fcOA-*tH** 
[0 0 14] 

sdchfwckoipiKB^-^^jffliTs^afc^T, sate 

[0 0 15] B*a2©R« ; E-^iW»*iSlt OA* 

mease, OA-^i^m^iEc^uT^-^ h 
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[0016] m^msoymm^-^um^m^ mm& 
[o o i 7] «*ai4©n«! : e-*«i»*ft»4, oa 

i0 [0 0 18] W**5(7)ra»l^-^«»*ffitt, OA 

[0 0 19] »*«6a)HISt-*ti|H*ftlt OA 
WWfftfc, B*ai, »*3B2, »*314, §«>RJH5(c 

[0020] i»*5 7(OH)iit-^fl»siiii mmt 
[002 i] nmmscDmm^-^mm^m^ mtzm 

So 

30 [0 0 2 2] li*«9C0R^^-^$f|^P^S«. NCR 

Kffi£B&6 0^-8 OjKKK^T^ffiT&S. 
[0 0 2 3] W3R3B1 OOlplW^-^flHW^iitt, O 

o T -f > / 1- * CO ffl * 3&«H»« ii L fc d t \Z 

««bT«»Effiffi*jfi*. m5eo««ffifflis»ffl[t>L< 
40 [o o 2 4] m&mi lorasB^-^iwinsFiStt, o 

t:l^T^ > A-* co U»«E**81JWBfc»l, fcutl: 
jC«LTa«t&ffl£it«>, Bf3e©«jSIEfl[«IHjMtfeL< 

[0 0 2 5] m>mi 2 0\%m : e-2mwjjmz, o 

-f >A-*;6>SmS<B«ffi&^£ffl*U OA- 
50 ^ffi*«JE*<lti^*JEIfi#**C»jfi"rsr t^rt>SUT 
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[0 0 2 6] SCPIWt-^lSJStt, fiflfC 

«flE*ii«*<z)j«^iij*«fftt»i: i>Tje»«*affl-r* 

[0 0 2 8] m$tmi s<Dmm^-*mmjjmZs 

[0029] mmi econjwt-^ftmi^isji, -r > 
a-- ^©u*«ffiftB» ; E-^c«»-r*^i^«fcon 

[0 0 3 0] MfttHl 7<7)H»!^-^tt»*fttt, HfllB 

[0 0 3 1 ] gS^Jg 1 8 ©Iplffi^E-^fflW^JStt, tulB 
■flEflWEKiBBrr* MU£ -r^<-r >A- 

[0032] 9 <Dmm=e-^mw^mt. m$z 

[0 0 3 3] 81*512 OOraW^-^fMIB^ffitt, ®JE 

[0034] »5R«2 loniHt-^ftHw^tttt, tne 
[0035] m$tm2 2<Dfsim=E-*Mmjjffi*s mm 

[0 0 3 6] §jS*XH2 3CDfflffl%-^1MfllttBa % 

[0 0 3 7] IfjRJg 2 4 <BHJW^-*MffllS»Hu -f > 

[0 0 3 8] B3RJB2 SCOHW^-^fflffllSSfiltt, MIS 
-f>A-^.S!l»¥BtLT, ««Effiffla>±IB«£, 
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[0039] m^m 2 6 <Dmm=e-^mm^m^ < > 

A'- ^ tf> IB * ttJE £ IbJ^^E- 37 fcttHftf 5 C <h H «fc 0 R 
Mt-^SMitS*©!:*^^ «Sf£ffiffl<7)±l8ffl[ 

tlzfeZWL-Xtkft. *5cfctf«/hffiffl, fcl<«^ne>(?) 

[0 0 4 1] M*^2 8<D|iq#^-^ffiffligB^ -f > 

m^ — tr&mm'rzhoiz&^T. mmzm<D±mm 

6, !S*Jg2 7 fcctOKSSns±H«[© < 5 
[0 0 4 2] B#«2 OiDHUt-^BBgili, ME 

[0043] m&m3 o(Dmm=E-^mmmm\t. mm 

50 [0 0 4 4] Hi^<Ji3 1 ©Hfflt-^iBSiH MG 
-^1WW¥Si:LT, ««£ffi«0±«ffi£ll8 6 OS- 8 
[0 0 4 5] 1S*J13 2<0H»i*-*iWW8HfcJ:, < > 

l:«»l/T«»tt««l», ffi«<a«i*ffiffilS#«*>L 
[0 0 4 6] 9f*3H 3 3 corasa^E — ^*iJW3SK«. < > 

[0047] m$tm3 4(Dmm^-^mmmm\t. 
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a©«BEft»ftttl*L^ -f >/t— ^tH*«JEE*«ttl*«BE 

[0 0 4 8] s <Dmm^-i?mmmmte, mtz 

[0 0 4 9] M#«3 6<DHJ«*-*fH»8«fc^ HflfB 
^>/t-*»H9¥StLT, £«tt£lffiE«JEfiJffi*<B 20 

[0 0 5 0] Bft$3i3 7(ORiai^:-^«(»SBtt, MIB 

[0 0 5 1] fi*JM3 8 0nffl%-?MffttBft. 
/t-^©HlAlESH« ; E-^i:«l6T4ui:i:J:0H 

[0 0 5 2] 9<Dl^W^-^$«gS^ flute 

^ - ? nmtfi'PtSi ^ £ £ tdJftS b T ^E- * «JE»4* 

[0 0 5 3] gft#qt4 0<Dra«8^E-^«|»««tt, MG 

^ * <d m 4> & ffi A -r ^ < -f > a* - ^ $ m m -t z> «> © s s 

[0 0 5 4] M$3i4 KDBi^-^ffliiSlt 9515 

So 

[0 0 5 5] M*E4 2 0R«B : E-^SI?9Sfitt, fiflK 
[0 0 5 6] lijRig4 3(^^t-^*iagg[i, mlfB 

[0057] m#m4 inmm^-pmwmwte. mm 
m m * - * £ u t i£*g$s * iguj-r s *> cd * hsjb -r s t o 

[0 0 5 8] 



&m$nmiz, ^<d^<d^ >^—^mf)ms.\z^x : E- 
OT*^^b, m*L®mmm&5\%±tfz>tztb{zmffitiL 

* & /jn ffc * ct ^sjg^ 3. - n > ^ k j: * m±9J) m & m 
[oo5 9] »*«2<orasB^-^«fHW*}iT*ntf. 

^i^-^^fflit^l^fcoT, a«tffiffiCD±ISffi[ 

chchfe^, SEE, «i«*»*H^Wffl-r*dt3W7?*, 
[0 0 6 0] W*«3<Z)ra»B ; 6-^«H«I»ffiT*n«, 

[0 0 6 1] il*3!I4(OBlM ; E-^«!li*ttt?*ntf, 
£<0TSsa>S, $a*I£Sf¥{bLT, hUy>TcD5gi* 

.*«s^B&±T?**ti:t)fc, see, nm&ttt&izmm 

[0 0 6 2] Wf*?|5a)|5|W ; E-^*0W*ftT»ntf, 

-f >n-$(D\h*im&*mm*~?\zfcfaTz^£\z£ 
t^ftss^cffiffl, feKlictib© 

[0 0 6 3] M^ae^HW^e-^ww^teTftntf, 
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lis tzcfc ois^$n^±PSttc7)^^, g^/jN$^±PMM 

[0 0 6 4] IS*S7^RM^-^$lH»^rffiTr^n«, 
• affifflOTIStfSr, »*SfcttMU£ 

[0 0 6 5] IS*r|8C0R^^:'-^$i!^P>b : &T ! fen«, 

m f 2 ra gj * - * k o s m in f a m m & t& m & m m r z> <o 
[0066] m?$m9 <Dmm^-?mmjjtikT$>n& 

[ 0 0 6 7] §S*ia i o ©raJW^E-^MW^rffi-eftft 

Tt^ 0 fit, h U * 7<D5&$L$:*mzffi±'T?gZ>£ 
[ 0 0 6 8] IS*ii l l <0RlflB^-^fWW3SS6T»n 

tf, ^ >n-?<D\&+im&**^m^^-$\zmttz> 

uiCtOMlB^-^SfflaiTSCSfc-pT, HUE 

ft t> l < temmR^mzm l & - i kiss u ngsii 

il«lW11l|*©«tll«:BJt'r*c:i:*«T*-5. 
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mm=£~2<D'hmik. ^^mm^^-->^\z^^>m 

[0 0 6 9] IS* 31 l 2 ©WJW^-^MWiSrteTftn 

[0070] is*^ i 3 ©rajw*-*MW2Fj*T»tt 

[ 0 0 7 1 ] 18*91 i 4(7)|^IKB ; e-^SHBi^ffiT?*n 

Stf4Ct#7?*4S^ IS*IR1 2*fcte»*?Sl 3 
[ 0 0 7 2] 1S*IR 1 5 ^[^I^^-^^jffl^ffiT^n 

at, aiftsisaiTict^-tfssitfef^ na 

[ 0 0 7 3] IS*IS1 6 (Z)|p|«B^:-^*Jffll^i*"e*n 

ct o a sse *t it j p -r & « ^ t> - * m m & m n r ^> c t 

[ 0 0 7 4] IS*S 1 7 c^Rit-^MiMSTSn 

ts^tCcfcOff^oTfesA^, is*jsi 6 

[0 0 7 5] 1 8 ©WJIHt-^BHI^ftT**! 

^€:«J#L«ttS^i:*«T*4S^ ,IS*JS 1 6 

[0076] mxm i 9 ora»i^-^ttw*ffiT*n 

50 tf, flftEh^^o«^<Z)li«*, ®EE»IPStcJ;SfflmEE 
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■5<DT***>e, w** i 8 tmuoftm&m&Tzz 
[ 0 0 7 7] m^m2 o <Dmm^-$mm?jfe~t:$>n 

[0078] m&m 2 i (nmm^-zmmTjfe-zdbn 
[0079] ii3R^2 2<&ra«J*-*#Jffl#ffir*n 
[0080] W3Jsjh2 3 (Dmrn^-zmmmm^fon 
[0081] Lf^ht, a^:iHieaff«:«<fc«)^a 

L<tt«8ilffi«e»JWrs^3fct>T, ra^-^o'R 
^T**«*h;W^T<OlM1llftff3^4:#7f#-5. C CD 

ee, nm&mxmizmm-rzcttf-vz* o^tn ra 

[ 0 0 8 2] IB3RJS2 4 (75B*B^E-^«Hm6BT*n 
[0 0 8 3] UdbT, ja««tK3£Snfc«8fEfiffl 

co ^§ 86 rmm mm <r> m ««« £ ±pm£tf k ««rr 
[oo8 4] m&m2 5 (Dmffl^-ffflmmwT'&n so 
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T*OT?**)&»S, Bf*a2 3Sfcttl(*«2 4i:H« 
[ 0 0 8 5] IS*JB 2 6 0H«*-*M»g«T»n 

\z&K>mm*-?&mw?z>\zmrc-DT, -r >a-*sj 

[0 0 8 6] LttfoT, ft*S^{it@P#<7> 
«8l:Rihtf«i«htt)i:, SHE, «St***IHK:fU/H-r 

[0 0 8 7] »*IM2 7<7)ra«*-^Wfl9»«T»n 
[0 0 8 8] Lfctf-oT. h;i^i£T£KlkU L^fe 

[0089] is*JS2 8 <Draw*-^fflSP3SB-e*n 

*IB2 3, lt3RJ§2 4, M^m2 6, KfjRJg 2 7 {C^O 
[0 0 9 0] Lfc^^T, ilRSnfciBttioTt 

[0 0 9 1 ] Iff*ig2 9 ©B»!*-^iW»««-C*n 
tf, ME^ Wt-*Mtl#«£LT, «8tffiffioTBfiffl[ 
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'T? 18*312 3^6IS3RJ«2 8<Dftftfr£Wlffi. 

[0092] is*3i3 o (dfini*- * mmmm-vab n 

[ 0 0 9 3] IB*^ 3 1 (D^||t-^a»Slt^tl 
OS- 8 0 9EK:R)6t^t)©*8ffl t5©t*5^ 6, 

[0094] m*i§3 2cora« ; E-^»j»a«r*n 

[0 0 9 5] Lfc^bt, HStPfi#> ffitHB»KT"C* 
tt)k:, mEE, «»6**lfi(:*lfflt5i:(!:^"C*, r> 

[ 0 0 9 6] 3 3 ©R»l^-^SiIffig»T»n 30 

3f5t(0«jS6ttffilSlfffl'bL<tt«»£ia»fl[t 

[o o9 7] ifttf^T, mmmwm<Dmm&W5±'rz> 
[ 0 0 9 8] m^m3 4 0)mm : e-^Mwmmx^ft 
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*«3 3 tnnjcDipjBtjija-rsct^-ctfa. 
[0099] m*jh3 swnfflt-^diwsiTftn 

[0 10 0] »*3H3 6<7)|pIffl^-^fWWSBT»n 

I**fl3 4Sfctttt*«3 5 £EI«<Of^ffl* 
[0 10 1] W*^3 7 Ol^W^E-^SiI^P^S-efctl 

[0 10 2] §9*113 8 (7)|H|W^:-^ffiiJffllS«Tf»n 

[0 10 3] LfcffoT, «JEE«E«p^nSL*:i:tJ:0 
fit, h U y^^^Sr^t^KitTfrScht 

fete, «m, «*«r«*iBfc*ijffl-r«e:4:3a*T#, tn> 

[0104] §9**1 3 9 <O.BI«B : E"-^*HI««"C»n 
[0 10 5] li*li4 0 CORIMB^-^ftlffllSBTftn 

[0106] 19*354 i (Dmm^-fMfflmsT&ti 
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[0107] m^m4 2 <Dfflffl : t-?mwmmT*$>n 
[oio8] mxm4 3<Dvm=E-*mn#m'vi>ti 

\t. mmmm^-? tit, @jEf©rtail:*XB56 

[0109] ii*^4 4oRiw ; E-^*ii»3gBr*n 

[0110] 20 

m m <d m m * - 9 m m& & <d m m <d <d mm 
[oiii] mi&z<Dftw<Dmm*-?mfflmwco--' 
[0112] z<Dmm=E-i?mmmm\** tcvamniz 

mti^xtitLx^mmti^ihtiL. mm±-9 3\z& 

SB3a£, ^-^«EE«r»tB-r^«EE«ittSffl3 b<h, ^ ^ 

• ifs^t±igi5 4 1> ti • jstae*iu«4^e)<7)jgaE*«fc 

5 ^ 6 ©t«M* J: tf 6# A. 6 hSttffiJI** 

l*lffififfl^ltiA1-SlMfflf"^8 t, tetBffl 
[0 113] HfJfBlwlffl^-* 3 tLTH WAH ©fe 
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T, ffliiTk^UBS^E-^ (IPM) <h»T£} t^JtkT 

ft&<t>to<Dm<Dffif&<D&<D&mm'tz>z. twos 

[0 114] d»B«*fi«?- ^8 tlTH H»0 
[0115] metfc« • 3§S^l±5gB 4 <h LTH ffiStt 
U-r*feOT*oTt)J:lr^ mm^-9 3lZ&Wtkth 

[0 116] *fc, MIBft«ljAflt^a>«Atttt*&fl7 

[0 117] ft*T\ I PM<D®«tft*B- h 

[0 118] B2 tt^E — ^«8KH^B?fa> I PM(7)lSe 

[0119] i PM-mrae V)vz<Dmz^ ^^>x 
a* h;u* ^^^-r^o ^<ob$ i PMtcensn-rsttEE 

[0120] fit, affiH^oamaffi- 

tt^TK-THlS* (a) (b) d^^^SJz'Si:, IPM 

i7«^»tt«^-rso fit, H3o»«icffl^t i p 
mt^, ^atfiffi^7 o-8 Qm&m&izmj: v^z* 

[0121] tm<Dffifc(Dmm±-9mmms<Dftmte 

[012 2] < >A'-^ 2(0|ilrt«J££^ftDLT|pI»l : E 
3 SiHEbT^*n^. S8K&ttJSB3 atCcfcO^- 

*«EE*lftfcHU ^-^S^^^-^tEMI • 
[0 12 3] fit, .«illl$nfcjSiSfeJ:^ffl^6# 

[0124] SEfc, >ni*64*6n5tta»*tttta 

TS^Ii^T--y;u 8 ^ 6 $ns»*:fB«Efi:ffl ^® 
[0 12 5] iS**!HI(«5*6©««»**«ttXttffiU 
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[0 1 2 6] CCDttfiftSffiffi^ ^E — ^S8E*3J:tf 

?&m\z&r3^Tmmmwt$7 \z& o«8E»i«*fTo 

[0 12 7] Uf:^T, «*®IEii«S«<fc»t« 
[0 12 9] (H4^CCD^0JCO|H)^^-^*]P^g<Z)ffi 

[0130] z<Dmm ; E-&mwmmwmi<Dmm : E- 
[0131] ifc^ot, c<z)«^ttt, ffiii • as« 
[0132] £<omzk* micD^m^-zmmmmtm 

[0133] £<Dnmmmz$>^Tte, m±m$ 
[0134] nfamm)i>~-zf&m-z>mm : £--?M 

[0 13 5] H 5 ^^<7)^0^(DFI^^-^*J»^ga)^ 

[0 13 6] C^BJH^E-^OIfllftB^HKOHM*- 
?MHKB£Aft*jAH:. **fi«5=~^;u 8 left*. 
T, «*{ifflffii#l«8 ' £SffiLfcj£o*T&£o 

[0137] .d (Z)«*{4ffl«J#IS 8 ' tt, Sii5lElfeP#CO 
-f >A-^i*ta*«Ei:*^T ; E-5' Ml/*****: 
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[0 13 8] Lfc^oT; ClOW^fctt, **t£ffi«» 
SB 8 ' ^6 0l^iiMliHS^^Tl4fflU 5 y Hffl9 

[0 13 9] m±iiteT-7)\s8£\t&LT 

[0 14 0] $fc, ttJE7&*£0T^5«-&K:KMI 
ff&Mm-VbfrP&fflmirz* fit, J(fiilIIIEK:ttD« 

\zm^Titm<Dmmwfionn^mm<Dt^m^\t^ 

[0 14 1] H6ttCOK^ora»i^~^«»ftll<Z)* 
[0 14 2] CKDraW^r-^ttffllKB^HlCOraWqE- 

[0 14 3] Ifc^T, d<Z)*^(Ctt, Ml^*JE« 

ffi£:fflt*{tiT. fit, ffiffiU 5* h«9*^<Z)«SMa 
off *»€fK:<fc0«»»lH;W«< c^Ttf}^ MI^jWS 

[0144] u^s, h^^ttTssftibLoaa^ia 

[ 0 14 5] HI 7 &Z(D§£BM(DmM : E-?ffl'&m&<DZ 

[oi4 6] zL(Dmm^-^mmmm^mi<Dmm^:- 

[0 14 7] Lfc^oT, tH*«8fE^*J 
PS fit l:i L fc C t ^^Tmffiffl#Pa5 7 ^ 6 <D y ? ff&fc 
fflU ^ -y has 9 i:«ttts:ti:«k^t, ««ttffi#«-t 

[0 14 8] MU^<£T£l»±l^Ofl|*|5g 



23 

[0149] m8ten&&±zfmmmm<Db)\sir-n 
[oho] cco^ttn, rnxmHi* 2 0 0 V, 

[0 15 1] fit, 0 4<0HJ«^-*fflW£K (M* 
*g2) "tftt, 1 2 0 r p s^©, 7 0 r p sP#©£?IS 
»a*a*«»ttft£:fc9. M 1 OHOWJ^- * fHfflKK 

wmw (b»*jh4) ©taaaittt^-f >*»a* 

(81*315) Til SMEWI2 0 A rms<B^-f >ftffll 
[0 15 2] £fte<0«*««ffiffi*#XK Ctl 

[0 1 5 3] H9I2 I PM©»ffMfc«*lftWT*BlT* 

So 

[0 15 4] <gj£0te*T^ >A-*ffl*ttffil;i&1#at 

[0 15 5] SSiSlHie^TO-O-Owft^^-e^ > 
A- tti * «EE#+# £«8K S«Tf:l5ft<ftoT< 

0 r p s <Dm&\Z\$<2)-><2)<DMft&$:£2>C£&T*%f3i 

[0 15 6] $6fCi«iS^:ffl«T«, ««H4ffi£ig«>£ 
ZtiZ^-oX, miz hJ^»>ltlKW^l») 
l$gffi^<7)^Tfg£TS ( 1 2 0 r p s <D<3><Dft®m 
HB) o ^(0««tftth^^ta*5tbTfl:*ftJII»« 

[0 15 7] *%rZ.X* u(O««0A64W5l:, #0 

[0 15 8] fc*, K±fctt, «8fEffi4B<OTtHffl[ft«* 

ifiiatc&scDT, «flttffiffl(OTI»tt*it« (ft*) K« 

[o 1 5 9] m i otzz<Dftw<Dmm^-*mmmm<D 
[oi6o] £<nmm : e-?mmmw:&m6<Dmm*:- 

a*&ft^->OU8 <hLTMl/£*ftgBl 0tf>6<£> 
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ffiffl*ttl*t5t)^SffltSjS. ttft U 5 y hffl 9 

fiffl^-y;n i^e>oa/jN*flitffiffi, &<kzfnffimw 

10 [0 16 1] WEa'Mtttt^— ^JH lte, a/h«8K{£ 

SCOT, h^^^A^nsctCctO, RSt^S'h 
««t{£ft£!±i*-rSo ^rttWfcteL 0 9 <&<D— 

[0162] Mea^ffiffl^-r/^stt, aftMsm: 

a*/h*^3Ero)a*«»tt«fttti*-r-5. *ftw«c«, 
^ 19 ffi— ©T*an*«»»]isfc<fc*a*«*tt 

»©a*««ffi«*«»UTv^. 
[oi6 3] mmiLmm.\hW>$ • ra, «jEra^*<a*« 

So fit, iiftap^^m, a/httft^-^n 1^ 

6©a/h«»fifttfto&»*ttt««*l1Bl*4»ihlxT 

a/Mttt^— 1 1 ^6©a/h««ffitt*fiffi«*t 

TSo »ffiMfll<Z>«S«, a*ffi«^-^U8^6 

5» a>a*«»tt«ta-3&«dfc*aaffi«(»ft+±LTa 

^&ft5=--y;U 8 ^6<Dft*t»tt«*ttftffi*i:T 

So 

[0164] Lfc^ot, zcDm&izfc, nmm^izm 

rS^X h;H^«ft«l 0K:«fcoTttJ* K>l/*£fltftU 

a*{t«x-^;u8 45«kcxa'htt«T— ^ 1 1 t;:#m 
nctcioT, a*tt«?— ^u8*^<7)a*««E 
feft&^tfa/Mift-x- >0u 1 1 s <aa'h*«ffift £ 

[0 16 5] COffiftSEtUfflQ' KfcHTtt, a*«8t 
40 ffi«i:a/h««itfi[«i<OM»r43l^T, «flE»^3&«a*« 

mt- jt l x ^ **»5a>fc*hc bxiiftiwm l < »an 

[0 16 6] fit, tB*Sn*ffift»^fC*tJl^TH 

[0167] ccott*, «»fi:ffi«a*«flE(fi[fl£a/h 
m oitfi ft t <d p H i © m §8^ l t mm * - ^ * mm-r s c 

[0 16 8] ill tteKoaswoHMIit-^fWWfta© 
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[0 16 9] C^HJW^E— *»J»««**H 1 0 (D^im^ 
5feOS«fflt5jS, *3cfctf<£ffi*ttJ88 9 ' ibTl* 

£,&<Z)^Tft£o 
[0 17 0] jffiffia^ttffi^-^USlJ* SGE^JtC^T 

[0171] mmimwmu9 f «*««<MflK«fc 

S«»ttffi©IMHWp^iItt»I«IS:fT5a*^ Ell 0<£>{£ 
[0 1 7 2] LfcjW-sT, ttSKffiffl^S 

[0 17 3] «TB<0(sin36^H»! : E-*1Bm»«fcctD 

[0 17 4] C1C0«^{C«, ?&aCctoTHMB : E-^^ 

[0 17 5] I PMl:<toTSa«»tlfflE«« 

[ 0 1 7 6 ] m 1 2 ttfflaHft«fflJE««<Z)jHEX U 7 
[0 17 7] SMftlfflEttlTIt ffi<£i§TOjIfe 

[0 17 8] LfdbT, «SEffifflO±K*»fl5HI(e» 

p m <d***b * * si * m u x^m^mmE.mm * »e 

[0 17 9] HI 3 ttC©5B§H<0|il»|^ — ^fWIWSiB© 
2 6 \Z flfi 0>*8fiffi«l £ ^ □ >y El t? ft § . 
[0 18 0] COlRlI^-^SiagWil 

[0 18 1] Z(Dm^lZ\Z, mffiMR* tt«K*C»L 
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[0182] fit, w^s-frsn/taaEJi^c*^^ 
[oi8 3] ^(ojs*, bsmbj^ ffi*«*KT"cn«B 

[0 18 4] SetdffiBJJ-rSo 

[0185] aKaT«»ft±<fTto»^»»&ttt, - 
i aws^^^Mtwsgo^gp^sitcssbTP i m«vw 

20 [018-6] L*>U H 1 3<0H»!^-^W1H!£B£« 

[0 18 7] HI 4tt^<05«^<ora»| ; E— ^1M1BI«««) 

[0 18 8] ^©^^E-^lWWKBtt, 
^>n^iiS}§^<!:^l±ljiai:C7)M^A^iLTP I Mf| 

H*ff'5«»U 5^^85 2 3 t«U5 7^a2 3^ 

^omsfEJt^^^-^mgEt^M^A^^UTP i mm 
awtfrt^ ttjE^^^ri±i^-r^aa!ffiii^gB7 c<d 

3ffi«JE»^&A*tLT^y P^-f A*t«*ff 5 

40 SJ£}f^£A^chLT?zL-5rW -«g£fToT3*Stt 
£EJg^^lil*T^xrL-^^-iJ ^ y KgB2 8 t, xa. 

-f >/\ + -^ 2 t, t^zl-^^-U ^ y K«2 8rt>e><£>3 
ffl^JEJt^^A^chLTD-^iig^S^^TSE^ 
ffl-r*«EE«m«8 3b<i:, a-^.ffiBCS^^T^-^ 
««*lftlH-r*f|»tftlH«3 ai, «m*nfc«EE*ct 

^-^mat^A^^br, ^Kjesnfc^— 
;i/^a^^Tn-^ffiB43J:tfjSfl[«:«IST*fi:fi • a 
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[0 18 9] BflExa. — : -'J ^yh»2 8lt 
/X-^ 2©U*«BE*«IH#fc:a-r*tffi»K2*3 4 
J;0ttK2 *<St*£nT«ffl»<fr i LTffiffittWffi 6 

[0190] itutBSftt Uv^23 te> SSEffl^^ttSS 

*Sftfc£iK:iS»LT, «Kffi*0ffi4B&fiU4Lfcg 
Stt»tffi£ttffil8#*TH»J«L. LA* 5 © 

iac»T*«i[<z)«[tHffi-r'<< i *s»jiE*e^£tti*-r 70 

So 

[0191] mmmmmme^ mnm^m^^n 

fcCLi^JESLT««fiSftilffi«1BIL, ««ffi«*<± 

i«e««tt«3^±Hira-ra«>c!5«niB3fe-r'<< us 

[0 1 9 2] Ell 5ttttfl1Mlltf0!)«JsK«ffM^^ a r^ 

[o 19 3] Miaieftizm^TmtoMm&n ?££*> 

\z. ilffi»***ft>&*nT^ft^c<t^i£:«LT»ffil(!l 30 
S*fToTttffi»*«rlH*'r*fi««(»«2 2 a<h, ft 
ffl«*^fifflTIS(il:Il/fc £ t Srl&ttJ LT»ffi«»ff 
±Jt^Srftffltt»ffl 2 2 afc«»r*tt*TH«2 2 b 
fc, ffiffl»^^ttffi±H«IC»LfcC<!:&lfttaLTiiffi 
MH4tlk»*&ttffiffiWtB2 2 a iifcfcfc:, 

1 ^««fS»^*tti*-rsffiffl±Effl2 2 c ffiffl}g<fr 
CD c o s cosSB22cl£, ftfflJg^O s i 
nj*#£»S s i n«52 2 e c o s jft#<!:«ifE&« 
^i^Sfltq (WtflfEfB^tHrtTS* 1 fjtj?g& 2 

2 ft, s i n«#£«ffi««ffi^<tft*#LTdtt« 30 

2 2 2 gch^ltl^o 

[0 19 4] ±8B<D««<D|SI«!^-^«IWKB(Z>fPffltt 

[0 19 5] 1*1$!^-^ 3©EHER*apt#oT-f >n 

ft. teffiSJfll, f*ffoT-f wt-* 2 Zffl 

»L, ItlW^-^ 3<7)[HHE»*l«S0^-e-S. 

[0 19 6] fit, HJJI^-* 3 G>E<6»fl!ftH;:#o 
T-f >A— * 2 0)ia*«BE^iSlfHaLfc»^^tJ, 5 s 
a-T^-'J $7hS2 8^e>&tB*Jffllffl6 {wiSffljf^ 4» 

[0 19 7] «8K<affl^±IS^aLfc«'&JCtt. &ffl± 

KS82 2 c^e>itffl*rt»ff±ffi^smALTjiffi*]w& 
dih^tstifec, i«M»»^*m»LTia«»]» 

#±« t a-r * m m com \z m ^-r s . 

[0 19 8] «SStg^^«SKffi|^«±^«:ofc« 
Lfc**«|t*««IBJ|t*TIW«r*t4:t>fc, I « 50 
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% i m^nmm7bmmmn^zmT^mffi<Dm\z^^T 

So 

[0 19 9] a««IW«BO»ff[*B&±LT, 
[0 2 0 0] mi 6\XZ<D&m<DFlWl : E—*Mm&W<0 
[0 2 0 1] COHffl^-^IHffttfl^Bl 3 0ORNI : E 

fc*i;Ttt«©Bi*«»*m*Lfctt»^^->t»* 
•rs»^»*ffii 2 4oJ:^m^t}^^ts^/N o ^->t^ 

*»LT«*«W*7K:«ieT^*««»^tiaaT« 
■J ^ 1 3£2 6l;:^^S<7)<^T&3o 

[0202] ^(DRi^-^aa^fT^nn n-^ 

K«ll9«7i:ftll&T«C(l:l:«fc0, m/£J£^r £{±J*/T 
[0 2 0 3] r<D«JEig^A«>f >A-^U*ia*«E£K 

^^37 1 3 I: J: 0 < >/t-^ ffl^RMET? 'J y ^ 

[0204] tn, lEjg^^u^^nnn ub 
[0205] c(ommmm\z^x, m&^m^mmm 

[0 2 0 6] S&fc, eSWiM^^IILTgfi^ 

& \z cfc s ii ^ ^ m n & m m \z m % z. t ha t * s • 

[0 2 0 7] El 1 7 * (A) ttttE«^€:>f >/\*-^l±5 
*RB*ttffiKTfcia5EL/Ji«!B«r^"r®TfcO, 

[0 2 0 8] rnfC^LT, (U174 3 (B) ^srnjg^ 
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So mi 7* (a) (Dm^t^mLxm^ 

[0 2 0 9] ft*, HI 1 7 * (A) (B) mm 
[0210] B18UB1 etDIWIMB^-^SiJWSB^cfc 

£iIKIGH<&fttti£X { (A) #RS} % mi 6(01^^^ 
{ (B) #03,} , *5«fctf«JE»J ^ y^&ffl^fttiWKB^: 

{ (C) #HR} ^TK-rmtr^^o 

[0211] 11 8fr*>ftfrZ>£o\z, «EEU 

Kit * - £ TWE«B*M»«fctt*T a c t& 
[0212] 013*^0 1 eaymm^-^uwmmiz 

[0 2 13] EffittttH't. B»**WHB£tt 

■v. »ttt*f*ct*<7?e6ttt»i:, best 

[0 2 14] 0 19 HC^^B^CO^^E-^^I^^gCO 
[0 2 15] ;r©H*B*-*IIMIBBMU 

ft) S:ttJ*r*mi1W«K6 <k. BaHt^ii^-^BaE 
tOJS&A^tUTP I#JH»»*fT^. SEf^ (d 
tt«JE»^*«t«att«JE»^) ^{±J^t-^m«t*JffligB 

S®ffi@^^t±i^3 5 dtt«EE»^#J:tfatt«E 

«»t*d - q-^3ffl^M2 6 3mmj£m^r£\ 

nra-f-f-'J ^ !V 8 Ti-f^-'J = 

* h«2 8jfcS©-3««flE»^ftMW«*fcU 3*g£ 

rjftSffi^^^LTi^]^^-^ 3 t'Enjjp-rs-r >A-* 2 

953 3 ' 

[0216] mJie^^-T 1 -^ -U^.yh9528<hLT 
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tt, »B«&:fc««fc:3 n bTa«K»JSP88 7 <£>fggfc£|ft 
T, BBfMfllflE 7 (OrtSBttSi 1 S£«ffi»***±l8fc» 

[0 2 17] Hfite&ffifflffllS«6«, ffiffl^-A-B (18 
95 3 6 tck'oT3£»K3€:»flLSnfcB«:Bir»3 7K 

[0218] ±m<Dffif&<Dmm±-*mmmwiz&\,*T 
<fr&£j£u mmmm e iz±^T{mmm*'rt'DTm 

[0 2 19] tit, ffiffl»J»«6^60««»^<t3B 
[0 2 2 0] EHEjS«**Ji*U ^-^iSlE^iS 

[0 2 2 1] L**U tH*BJE<7)h? — ^0)^^^7>>^ 
xn.-^ — #U 0 0 X£«A.&^»&fc:«:«JE 

* - 1 < , u*Bffi**ffi*«ttC35coT fe 

[0 2 2 2] cco^m. ^ Wt-*IH»«EE©BBtf«* 

-^BBSrlMUl-r-B it#T*4. 
[ 0 2 2 3] I 1 9 (Dmm^-PM'fflmWtttkt^^ 

[0 2 2 4] B 2 0 ©IsiaB^-^WIffllSgBtt, SSSKttiffi 

CMT§'f>A-^2i, ; E— *«B«:*ai-r*«« 
40 ^i±i^B 3 a ^:-^@a^^lii-r^@/E^tbgB3 b 

B*itfaKft*Hj-r*ttB •a**na»4 4i, 

6W6ft«a*»*i, ttB -a*Jftai«4^6<oa 

»*froT«EE»**ttJA-r*«K«ll*7i:. BBM 
»»5a^6©«ffiJB^*fctt«B»(«l»7^6OTBJE» 
^£H«T£iIiRSI$ 1 5<k, B^SEl 5{Cci:0iS«^n 
50 fc*EE»^«:A2j<hLT, <>A-^l±J*ISIf«EET^ 
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[ 0 2 2 5] ^<Z)|S|»!^-^«J»SSIR(C*^Ttt, ««t 
tf USTfUffl L, ®JE^ >zfifimc * SHU ft ft 3 
:/<7>»fl* ftibftTWEWWftfr 3 <> 

[0 2 2 6] Lfc^T, lE^7>^g^o^ i0 

tirt-i'tilEtiimtscttfrirftK comes, 

[0 2 2 7] H2 0OH«H : e-^«Hi««4:»Jfr-5C 
[0 2 2 8] m2 1 ttdO»^0|t|^B^:-^*Jffll^«0 

[0229] comm^-trmm&mvt* ft*a>s** 
««u 5 y *«2 3*>e^«aE»4*£t— 

©S*A*<tLTP I«lffll*JSt*fft^ mEEJg^ftHi:*} 

MS ft ff o T d Hi«Eif*;te «t Q Hl«EE»* ft \ht) ? 

A*£LT«EE««tt«**IHU tt/I:*-A*-ffifttti 
^-r^>mi£^i§^tH^3 5 «ffij@ia«ifflS3 s^e 

y< >lcSt?<«IEftfT'5a3CBiy^ >«IESB3 9 fc, 

^KSttft-TSd -q-3*@^#|gB2 6 t, 3*gmi±*§^ 
^A^tbTT7 K**f AUHKftfrix* K^^AM 

L,T^^-^Y-©ll5SftfT^T3ffi®H}f^ft[il^-r^) 
ra-f^-U ^ hffl2 8 fa-r^-'J^^ 
«2 8^6<Z)3ffl«ffi»*ftfW«l«4»tL, 3ffl£8ft1i 

EEft^^cLTiHi^^e-^ 3 KHijtorra-r >a-^ 2 

Ta-r^-U^yhS2 8^6(0 3ffi«EEffl^ftA* 
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St^thia$3ai:, IfttHSnfc^flEiict^-^miKftA 

[0 2 3 0] HtffBmflE@ii^ttiS3 5 tt, ifiSSWOIg^ 
•BE) ftl&ffiLT, tt»K2«3 4fccfcOJ£*K2 0«* 

» s nxsifflis^ t Lx&ttmmm e < see 

:^-y1-HtfttH*T*. 
[0 2 3 1] ffJfSa^t USy*23 14, «tt*B*#**8fE 

»Sn&CtlC»»LT, ««»*©ffi«ft«»L,&$ 
£mSfc{IftS^K^£TfflMU L^t>%KM1BfiS5(0 

[0 2 3 2] BMB-ra.—r-f — U ^7hSP2 8(t 5 s a 

»»*ftw*"i-*. 

[0 2 3 3] flftEffiffl»JW»6tt. a«»*tfft»S« 

i§:K 3 ifimn^tixmm9i^rt^xmn« 3 7 ^«»&-r 

hi 5^^-«riit«kofiffl«iw«6ft«jac"r*. 
[0234] mmmmmm^ms 8 a, ««Ei@iAftflB 

*«ULfc^tK:*Sl/TJ£RK 18B4 0 K<fc0 5tRK 

i ^*snT»i»*iLt»»« 3 7 tc:««&-r^< 
[0235] c^scB^-jimisissfflifc 

%ftfttfllffi5^J:d]ieft«iJfll, ffifflMM8B6 
K:.k*ttttMW; 43«fcCX«i«#J»ffl7 ICck<&«SKM«*« 
ff oT-T >rt—jr 2 ft*]® U HKBqE-^ 3 ftigi^LT 
nSPflKSs^T, -f >A*-d7LB^K^mEEft^x.^SJEE 

— 5=--f -U 5 y hSB 2 8 K«i»anfc«'& 

tc, mEEff^ft^^>y-r^^T\ ttj^^n^mm^^ 

tt, iB^Wy-f >*SiEffl3 9 fCctoT, ^7>^C,t-5 
«£E*B^<DfiTft*t«T'<<«ffifi«ft««-r*©T* 

[0 2 3 6] «JE»*Biy< >*ftIEgt$ 3 9 ^45tt*«flE 

&%>m&\z, 02 2i:jKtJ;'5t:R)£$n§. i^JAtf, 
^-y^ch LTmiEffiIE^^ft}#^-&T : fect^^, iE 
«HE»*ft«TSCft»fc-&Tt)J:^. 
[0 2 3 7] LfcT^T. »^ttffi»CJSi;TttEEt«jE« 
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[0 2 3 8] ft 43, 0 2 2 fc^T«ffi1*IE«Rfc*»ffi<0 

[0 2 3 9] B2 3\zz<Dmx<Dmm : £--?fflmmm<D 

[0 2 4 0] C^RW^-^MUlSlt^H 2 1 OIpIJW^ 20 
>1SlEgg3 9, ftcttX^y P^-fA«l«*2 7***b 

^t±i-r^feg^i±ia5 3 3 • &mmLtz*<D&'v&z> 0 
[0241] £<Dm&onn*-9mn#m*»m\sti 

fcctSffiffifMW, *5J:tf«8fE»J«!«7 t;icfcSS8tMW£ 
fr^T-f >/X-^2**HL, Rffl^-^3£igI/jLT 
^*Wlfc*l^T, «ffi@ii«aj«g3 5KcfcoTiB£M<B 20 
K3^£&tUU S»K2BR3 4SrjiLTffitB»JfflI8|{6 

[0 2 4 2] fit, fi«J(lW6l:*tiTH i&^IE 
[0 2 4 3] 119, 0 2 1, ifcttB2 3(0|^ 

PM*Sffin:W*L^. I PM 

[0244] 019, 021, Sfctt0 2 3CO 

TBEtt«ftKWrr* d b^o 
[0 2 4 5] fif*^6EE**t*5V^Ttt, j»#*««f 

[0 2 4 6] aEAMlD«lffl^ftMl«^a>EE«r« 

s^c^tz, se^te, a- K^x7^«ts«a^fft)nT 
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[0 2 4 7] L*>U H2 3 ©HJW^-^flflfflliSHSriS 

[0 2 4 8] 

Tit, b^fc, I- 'J ^-^ro^^Sr^^CK^-C^-Sti: 

[0249] »*a2©f8^tt. mmmizmimntcn 
r n. - n > ^ tc ck -6 m sn^-r 5 c t. 5 t 

[0 2 5 0] 18*51 3 Wfgami, IMi3E13;fctt»»*8I 

2 ti3i#©s»«*#-r-&. 

[0 2 5 1] MjR«4 0?1BJ« > SaaSrffiWbbT, h 

SIT £ - t **T # -5 i: I » -5 # # * #f & . 
[0 2 5 2] M$3i5®R3!ltt. hJl/*«T«rl»JhU> 

ee. nffi&m±fB.izmm-r2>z\tw-vg, o^t«, ibi 

-5. 

[0 2 5 3] Ig^Jiew^B^li. SW$tlfc±(gM(CJ: 

Tt5tl^^t©MS#f5. 
[0 2 5 4] W*5i7©5BWf4, ®Sitfeffl^TK(Ii:± 

i*»e.is*«6«)f5jn^i:i^«io^s-#-r-5. 

[0 2 5 5] IS5)<ii8ro^B^«. JWKt±-3T»*»« 
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